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BEfi]:TWE SI'}T{ARY

the Grlef Eydrologlst appolated, an ad hoc co'n{ltee on Deceober 5, 1980,

to revter l{RDts Bench-Hark Progra:1. the conrn{ltee tras dlrected to revlerr the

prog!:lE, recor"rnend appllcatloas of the exlsilag data base, and prepare

"gg6nnsndaEloas 
for the fucure dlrectlon of the prograrn. Ihe co'r,nllteets

recomendatlons ltere to be based oa (1) no Lncrease la fuods and (2) aa increase

of oo uole ehan $100'OOO. trls report presents the conr,,{ciee?s fla4lngs and

!eCO"'-endatIOAS ,

Ttre Eyd'roiogtc Beoch-Idark Progra:a llas proposed la 1952 by L. B. Leopold,

then Grlef EydrologLst, as a oatlosal aetvork of basLas shere lafonueloa rras

to be coLlected to study tloe treads as,d !o serve as 'controls- for separatiag

satural froo artlflcal ehauges la other stregns. Baslas sere Eo be largely
aatural and/or trot subject to slgalfleaat chaage. Or1glnal1y, a Eetrrork of

about 100 sites rsas eanrisl.oned. Ttle act'r1 progr:ro as Lt evolved, under che

coostral'ats of !{m{lgd fr:nf-lag aud lack of sultable basln,s, raas laltlated, ln
1953 aed gteet to a Betvork of 57 slces by 1970, 'llth uloor cbauges aod substl-
tutlous to the preseot 58 sltes sluce that tlrae. At though the orlglaal
propoeal ca11ed for a rlde set of data, tbe actual data collected, hae beeu

p3{rar11y. streaofloe,aad \rater quality.

Tbe coartlgtee could aot flod a clear stater8eat of program obJecclves

alchough a auaber of specJ.fic uses of the data froa such a progrrn sere

preseated by Leopold (1962), Laugbela (1968), aud Cobb and Blesecker (1971).

Ilte co--1ttee offers the followlag sEaleroee! of obJectlve for Ehe Eyd,rologlc

Bench-ilark Progran : Ttre se of the Hydrologlc Bench-Mark prograo is co

rovlde consistent data on the fd1ology, Lncludlng \rater quallty, aad relared

factors ln reoresentatlve undeveloped natersheds natlonrslde. and

{{{



aaalyees oa a coatloulng basls to coaDare aud contrast coadltLons obse::ved lq

baelae oore obvlougLy affected by the hand of nan. ltrls statemeat ftnplles

that the daca provlded wl11 be gultable for a sr:ober of purposes suc,h as :

(1) developroeaE of regloaal rnodels of rrater dlscharge aud qual.lty as a fuactl.on

of preelpltatioo, laud eover, sol.1 type, grouad-nater storage, aad othet

lndepeodeat vartables; (2) <ievelopneat of baseliae lofornatlon for uatural

Bystems; (3) detectloo of treods or changes tn cI{-ate and la water quallcy

as affected by ehaages 1a preclpltatloa quallty; (4) detectlag or deecrlblug

ehanges !c florr or qua.11ty la other Btteaa,s whlch are developed or chaaged

by 'nea' aad (5) galalag a better uaderstagdlag of the bydrology of r:ndeveloped

satershed,s aad uslag th1's understaad,lag as a basls for compar{soa of coadltloas

la oore developed basins.

In terne of the slmple obJectlve 'to provlde datar' tbe presetrt prograra

1g successful. Data ls beiag collected aatloostde oa a generally eouslstent

basls aad Ls beI.ag revlerred,-.aad stored iu rachiae-read.able fora for aaalysls

aod appllcatioo. Eosevet, 1t ls the coaeluslou of the g6nnrt{ glgg Ehat the

Eydrologlc Beoclr-|4ark ?rograo, as preseutly operatlag is oaly partlally satlsfylng

the grogram lateot as eavlsloaed by Leopold. Loag-te:'a streaaflos aad rrater-

quallty iaforaatlon has beeo collected oa a Batlonally couslsteat basis, aad

soue preclpltatlon data are aval-lab1e for maay beoch narks. Tlrese data have

beea useful Lo solvlo'g slgnlflearrt problems. Ibsever, the progran has aot

provlded the scope of data for the baslEs Ehat ls needed to perforu cause-aad-

effeet analysls asd to Btudy eonplex hydrologic processes. HaJor areas of

laadequacy are ground-rater obse::vatloas, eonslsteat precipltatloa collectloo,

laad-use and land-cover lnforuafloa, Eo!,umented cross-sectloo data, and

geologic descrlptlons lacludlng so11s data. These lnadequaclee are to some

exteat a result of prograr resouree lluicatioae. In addltloa, the lnterpretatlon
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of the data has Eo! been extenslve, so there are fer products avallable for

reYles.

It lg the poeltlon of che comlttee chat che ratlo of data aualysls to

data collectlon la the Eydrologlc lench-H.ark Progran haE been far ioo lorr.

Add,lttonal analyses should be uudertakeu, Lncludlng the folloviag in order

of prlorlty:

r A report shouLd be prepared provldlog descrlptloss of couuroa rauges

of eoastltuest cooceatratloss aod graphical dlsplay of the probab{Llty

dlstrlbutloa of the data,

o Oeeurresces of hacardoue Eubslancea ghor:-ld be srmatLzed,. Occ,urteBces

for dlffereBt tlne perlod.s sbould be coapared La a search for treads.

r ltend testlog for najor Loas aud Butrtents should be uadertakeB.

r Loag-tera Loads-of coastltueats eborrld be eEt{'nated.

. Studles should be r:ndertakea to search for trends in stre"-f1otr.

..The fiaaL eooclusioas aad recontneBdatloas by the co@lttee are:

1. Ttre Eydrologic Bench-Mark Progran le a very loportanc elemeat of the

overal.l progran of rrater-resources lavestlgatlooe of IfRD and shorrld be

coatlaued Co provlde basell.oe lsforoatloa for the curreot aad future assessilre!.t

of the efiects of uaa''s actlvltles oo the Natloats saler E€souEC€s.

2. A prlnary deflcleacy of the prograo Ls a lack of Lnelusloa of

aoalytlcal scudles uslog the data base as aa lategral part of the Pllograa.

Aesessoest and analysls shorrld be a contlaulag eLeuent of the ptograa' aod

prograa funds should be provld,ed,.

3. Gror:nd-nater Lsforaatloa avallable does aot provlde aay basls for

assesslng the Rature and exteat of lauerrelatloastrlps betveen Ehe ground-water

aad surface-rraLer eleoeats of the hydrologlc systea. A hydrogeologi.e reconnals-

lrance of the patershed above each statlon should be aade.



4. Ttre data-collectlon progra.m should be aodifled to lnelude soae obser-
..lrat{oss o! grouad-water 1eve1s La each basl.n; a periodle, systeoatlc decerai-

aatloo of ]and use aod cover 1o each baslq; and addltlonal data relaced to

geooorphologlc processes ln selected basias-

5. Dlstrlcc 0fflces shouLd be arr lntegral part of coutlnulag assessments,

and, an approprlate feedback nechanl*a should be established.

6. SubEtaatial efforrs should be uade to eahance the vlsibLllty of the

Prograa.

7, Steps should be r:ndertakes Eo provlde additj.on"l asareness ln othet

sater-related ageucles regardhg the Eydrologlc Seach-l{ark Prograo. 4. g,
||s

8. Eydrologlc Bench-Hark Prograo daca presectly reside oa-sooe_57uz,r" t oJr^
<9

'.1' 
- : '"-

separate uagneElc tapes. A slugle fl1e lacludiag all rl,rae-series daga 'n.''-----=-"\ -3

avaLlable for rhe srarloos should, be establlshed,. folaaf.loo, a reaarf)-}"t 
"

avallable fl1e of tron-Eloe depeodenC lafo:maclon should be roalntaloed al--l

headquarters.
F-<-

9. It na.s the opln'loa of the coolttee ihat the ar.:nber of sl.tes la the

network should aot be decreased aod Ehat contluuous flow records rsere required'

It nas the opla1.oo of the cooalttee that ihe frequeacy of saopllag aad ehe

roster of constliueBt,s aaalyzed coul,d be oodlfled and generally reduced at

Eoat statloos rrlehour l"upalrlug the ut11lty of the data La aeetlng the prograu

obJeetlves, ',le expect that perhaps 950,000 or uore ln fuads cas be nade

avaLlable ln rhls oatraer. lhese fr:ods, aloog wlth recooneaded addltloaal

prograo funds should be used to fuapleoent reconrmendations.

vt



AT{ EVALUATION OF lEE NATIONAL SYDROLOGIC BEI{CF'}'IARK PROGRA}'{

by

Stanley P. Sauer, I{es1ey L. Sradford, Joha G' Ferrls'
Robert M. Elrsch, Walrer B. Langbeln, and Nancy C' I-opez

INTRODUCTION

the Grlef Hydrologtst' by oeoorandr:o' of Deceober 5, 1980' appolnted the

authors to an ad. hoc Corr,rnlttee (hereafter referred to as the comlCtee) to

revleg !{RD's Eydrologlc Bench-}4ark ?rograo, The netvork of statlons operated

r:ader thls prograo Ls geaerally referred to as the Eydrologlc Beoch-llark

Netvork. Ttre coucLttee \r'as asked to address_, but not be'!Lu.1ted to, the

follorlag questloBs:

1. Ia prlorlty order tdeatlfy the applleaEloas thar should be undeltaken

lrlrh the exlstlag data base.

.2. prepare recomead,atloas for the future dlrectloa of the progran' Itt

developing tecornrnendatloas, revtelr the obJeetlves of the prograo' aad, if

Eecesaary, resc,age them aad, recooeud revisioas thac aay be desirable'

Develop strategy alteraatlves for Beetiag the program objectives' Assune tvo

coadltloas: (1) no lncreas'e !a progra:a fuods (current fuadlng $543'000)'

or (2) an Lqcreaee of tro tgore rhaa 31001000'

The rork $as acconpllshed rroder Che geaeral ove:rrler of the Asslstant

Grlef Eydrologist, Research and Techsical Coordlnatloo'

lhg gornntttee requesEed input frou che Regloaal and Dlscrlet Offlces' A

srgaary of avallable lnfosnailon for the Eydrologlc Bench-'Mark Prograo uas

seBt Eo those offlces for updatlng. Responses to Che fotlowlng flve questlons '

as veI1 as any oc'her lEeqs d,eesed appropriat'e' \rere requesEed:
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1. Wtrat usea, lf any, are DLstrlcts naklag of data f,roo the Hydrologlc

Beach-Hark program for other hydrologlc studles Ln the Dlstrlet? thls should

reflect only thoee usea that requlre a record froa a basla shich Eeets the

Eydrologlc Beneh-Hark Program standards.

2, llhat uses, lf auy, are other agencles or organlzatlous naklng of data

froa the Eydrologlc Bench-l,lark Program? ThLs should lnclude r:nlversltles and

coagultaats, as well as Federal, State, aad loca1 agencles. Coples of, or

referesces !or. leportE resultlng froo such sork vould be helpful'

3. I{haC othe! types of data collectlon o! sulrreys should we be r:ndertaking

to Eeet the prograu obJeetlves as stated la Clrc,glal 460-D?

4. What types of dala colleetloo or srlrveys bave other ageacles usdertakea

Ehat !1111 provLde iaforraatloa to Eeet Proglao objectlves?

5. I{trat are recolrBendatloas of tbe Dlstrlcts aad the Regloo for the

future of the prograo, assrrotng a llaited, or oo lncrease ta fr:nd1ag?

. . R.espoases \rere received froa 41 Dlstrlcts aad 2 Regloas ' tre updated

lnfor-rnatLoa sui!6ary, the sumary of Dlstrlct responses' aad responses froa

Reglooal 0fflces asd several others are lacluded la the appendfx. Al1 resPoases

rere coasldered lu the couml.tteets reco@endatioas.

Thls report presests lhe corrxi{tteets fJ.adlags aad, teco@etrd'at1oas.

PROGRA}T ETSTORY

IB 1952, L. B. Leopold, then Grlef Eydrologlst, proposed (Clrcular 460-8)

a naEional network of hydrologlc bench rnarks, chlefly for the PurPose of rhe

study of t1rae trends-as 'controls- for separaElng natural from artlflclal

changes la other stieans. Data collectlon llas to tnclude ruooff, dlssoived

sollds and sedloent,, ground-rraEer levels and tenPelature' preclpLta!1on and

other cllnat,e varlables. Grannel Beasureoenls, pol1en ttaPs, and rePeai,
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p1atrt surrteys rrere to be oade Co deteratue changea ln growth and specles'

As Leopold, well understood froo hls oltn research, plant covet and channel

oorphology ate LoporCant vartables eveo under aatural condltlons'

the actr:al progras,, as lt evolved under floanclal and prograrl coastralots t

nae deserlbed by Cobb aad Blesecker io 1971 ( Circular 460-D). Beguo la 1963 '

ll-{ted oalaly by quallfled sLtes, the Betuork llas bul1t uP co 57 sltas by

1970, nLth a fes chaages siace Ehea. At preseat, there are 58 sltes Lu the

progras, shorm 1n flgure l. Data collecced nere esseatlally llaited to

strer-f1ov (lake stage for one sLte) and r"ater qua11ty. 0f fhe 57 currently

aetlve coatlauoun ECrea:uflorr statiOAE that are a part of the progr:rn' loore

thaa 95 perceBt have over 10 years of record aud 18 Percent have uore thaa

20 years of record. Freelpitacloa data tere colLected at most but not all

beach oanks. A su@ary of aval1able laforaatloa froa the prograo ls glven

la the appendl.x

. _ Cooslderatloa ras givea to docunentltrg aay chauges that oay have occurred

la ttre beach-nark baslas. Aertal photographs of tvo basias (Mogollon &eek

aea! Ctlff, New Mexlco, aad l.{rnpla Creek above lort Davls, Texas) rrere used

la 1971 co test whether these could be used to check on chaages. Although

Lt nas generally agreed thac aerlal photographs eould be used to docr:oent

chauges, due to Ehe substanclal costs lavolved, ao fr:lther work was undertaken.

DLstrlcc Offlces lrere requesced to fleld check the hydroJ'ogie beach-oark

baslns Lt L977 for a qualitatlve asses$rest of lasd-use changes. Reports

sere recelved for 45 of che 57 baslas, 9 vere reporied Eo have sone changes.

These reports are on flle ln the Surface l{aEer Rranch.

A ueeting r,ras held lu l{RD headquarters Ln February 1980 at shlch lt was

agreed :tl'orlg the QuaLlty of Water asd Surface llater Branches to PrePare a
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clreular on the Hydrologlc Beach Mark Prograa, covertog obJectlves and uses

of the data, currect necnork, descrlpcloos of the I'ad{vldual baslas (update

of Clrcular 460-D), and of aatlelpated ehaoges !n the Prograrr. ltrls proJect

ls r:ndervay.

Uses of Eydrologlc Bench-llark Data

A ansber of scud,les uslng {ydrologic Bench-l{ark Program data have beeo

or ale culrently belng r:ndertakeo. Ttre prlnary effort coopleted aud

publlshed ro dare ls a study by Blesecker aod Lelleste (1975) of the \tater

quallry of hydrologi.c beoch-rsark statloos as a!. ladieator of water quallty

la tbe uatural egvlronaest. Studles are curtectly uaderray uoder the

dlrectloo of the Quallty of l{ater aad Surfaee l{ater Braaches to sr.drBElllze all

lsforraatlon colleeted to date, aoalyze tj.oe trends' provlde statlstical

luforaatloa, aod to attempt to reglooallze hydrologlc characterlstles. ltre

reports oa lhese tso studies ghould be ava5.1able 1o FY 1982. . Addittosal work

La tread aaalysis Ls cootlruJ.ag la the Qual-lty of llater Braach. In addltlon'

studles to test the &trst pheuoaeaon-the teadeacy for hydrologlc data to

exhlblt long-tera perslsteuce-ls a coatlnulag effort La lhe Systeu.s -{nalysls

Group. yr" decall ou these efforts ls provlded la the seetloa -Assessoent

of hor.r tlel1 stated objeetlves are belag llet by exlsttug prograns."

Questlon or' Naturalness

Nooe of the hydrologlc beach aarks are natural areas la Che strlcE

sen3e nor d1d Ehe crlterl.a so speclfy. the condltlons rlete these ( Cobb an<i

Blesecker, p. I and 2, Clrcular 460D):

1. No manmade storage, regulatloo, or dlverslon currencly exlsts or ls

probable for oany years.

Z. Ground \rater slthls, the basl.n rrl1l not be affected by punping frora

nells.
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3. Condltloni ."" favorable for accurate oeasureoent of streaaflou,

cheolcaL, and physlcal quallcy of water, ground-water condLtlons, and the

varlous characterlstlcs of reather, prlaclpally preclpltatlon.

4. Sre probablllty of speclal natural chaages due ro such thlags as

naJor actlvltles of beavers, overgrazlng or overbrovslng by game anlnals, or

extenglve fLres ls sua11,

At the tlu,e, aaJor atteatloa uas dlrected tosard avoldlng najor chaoges

shlch usually are those affecttng the geaeral ruq of streao-aglug statlons-
regulatloa, diversloas, and tnaJor land-use chaoges. These eosslderatlons.

favored the selectloa of sl.tes 1.tr Batlonal parks, aad rllder:aess areas.

i{trere tbese \tere laeklag, areas were Lncluded, where Land, use is llke1y ro
rel''trlo stable.

The slze of dralaage area llas a factor 1a thls declsioa. The saaller
the area (such as the experlaeataL natersheds of the Departoent of Agrlculture),
tbe'greater is Ehe respoasd to sooe smal1 area chaage. On Ehe other hand,, the

larger tbe area, the gteater the chaace of so@e chaage, wt.th less seasltlvlty
ln the respoBse to chaage. tre areas selected were of che order of 50 squate

n{1es.

I! ras r:nderstood at che tloe that the Eydrologic Bench t{ark Nework

sould be affected by oau-l.aduced abospheric chaoges such as chenlcal and,

radloactlve pollutagts aad che dlrect aud Leadvertent cultural effects on

ralnfall aod teoperature. Gralcal changes ln atrnospherlc falLout (d,ry or

wet) were aBtlclpated (Cobb aud Blesecke!,1971, p.3) aod early establlshtrenr

of the Eyd'rologle Bench-l4ark Netrork ras recoF,'nended to docr:oent the antlclpated

changes. water-quallty base-l1ne data on stable natural areas were early

reeognlzed as part of sater-quallty docuoentatlon and varlous author{t1es
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80 reconrnended. 1r ls probable rhat the Envlronmental Protectiou Agency

slghdres lts lnLeselons aloog thac llne La favor of rbe OSGS Eydrologlc

Beacb-ilark Prograo.

Data Collectloo and Alalysls

Leopold called, for a wlde set of d.ata (Clreular 450-8, p. 3), but rhe

actual sec of data became 11n{ ted to those serles custouary to the USGS-strear

flon aod ltater qua11ty. 0o1y lacldeacal attentloa uas glvetr Eo preclpltaclon,

llttle Lf auy to sol.l-aolsture data. Surneys of laud eover, vegeEal traasects/

quadraats, sol1s, aad llthology sere deferred uatLl speclflc interests euerged.

Tbese oolssloag s111 serlously llE1.t the usefulaesE of the beaeh sarks for

aay lateaded studles of the relatlons anoug ralafa11, rr:noff, rater eheulsgry,

and the Eerlals.

Tbe programs of the IfRD have progressed froa oae of collectlng ar1d

arehlvlng data, oceasioaally folloved by sooe acalyses of whac Eook p1ace,

to undetstaudlag rhe hydrologlc-geologlc-ehernlcal systems as a basis for

aatlclPatlag future chaages, especlally those caused by rnaa. ltre l{yd,rologlc

Beoch-l'fark Prograo, 1a coatlast, has reoaiaed largely la the collectlng and

archlvlag phase.

VIGIL NETT'ORK

A separate buc related, progr:ln of FRD ls the Vig11 Network. Ttre deflclency

ln detalled data on hydrologle aad geooorphlc processes led to the ldea of

establlshlng a netltork of sraa1l dralnage basins and other selected sj.tes

where observatloas of baslc processes would be oade over loag perlod.s of elne

(Leopold, L961; 1962). The netltork of obse!-vatlonal areas has been named, che

Vlg11 Necvork. Itr esseence, a feature of Ehe landacape 1s chosen, bench earked

ln a reasonably pemanent nanner at the clae of lnltlal sunrey, and resurveyed
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at Lute:iraLs sufflcleat to docroeot changes 1n the laadscape rlth tlne.

h:bllcatlons descrlblng relatlvely slnple observatloos of landscapes (rh"nsgg,

1955; Eadley, 1955; Leopold and Frnnettr 1955) have included suggestlons for

lastallatloa, ualatetlance, and teehalques of obserratlons, aod Lnscructloas

for reportlag of data.

Ibo lnteraatlooal reposltorles have beea establLshed Eo recelve flles

of data pertalnlng to the Vlgl1 Netsork (F*ett and Hadley, 1968). Oae

reposltory !s la Swedea; the other ls the U.S. Geologlcal Sunrey Llbrary ac

the Natl.onal Gater. Fl1es at the Geologlcal Survey reposltory ale kept in a

flreproof safe oo the baselcent level of the llbrary. the systen, though aot

ladlvldual flles, ls ealalogued at the refereoce desk. Fl1eg are avall.abIe

for laspectlon or pbotocopylag. At the preseat t1ae, files occupy about a

cubic foot of spEce aad coasLgt of about 50 separate enEtles, but soee enttles

bave data of more Ehau oae slte, A sanple .flle ls included la the publlcatioo

by hett and Hadley (1958). It Ls estlmated that about 100 of the establlshed

VlglL Nerwork sltes ia the UaLted SEates are docroented !a the reposltorles.

Beaeflts are already belag derlved froo the data collected. lor exauple,

oae analysls (Enrrnett, L974), uslng data froo V1gi3. Network sltes, has laciicaced

the arroyo-cuttiag eplcyele beglaalog about 1880 has reversed aod chaenels in

seul-arld llestern Ualced States are now aggradiag in a perlod of va11ey

al.luviatloo. Such obserratlons assrue lucreased loportaace as thls part of

the Ualted Scates plays an lncreaslag role 1n developaent, of energy resoutces

aod envlronnental iopaets of thls deveJ.opnent are belng assessed.



PROGEA}IS OF OTEER FSDERAI, AGE{CIES

Agrlcultural Research Servlce

!he U.S. Departaent of Agrlculture oalatalos long-tero data-colleetLoc

setrrorks shich support waEershed hydrology research. fhls actlvtty ls

supported by the Agrlcultural Research Servlce (ARS). Watershed research ls

cosducted, at n,iae cetrtets located, throughout the Unlted Scates (see flgure

2), al'd che data-collectloa progr"n ls deslgaed to Eeet speclflc research

ptoJect requlreoeBts at the ceaters. Data are curreatly collected for about

200 sturiy areas, whlch range ln slze froo 0.5 acre gs:'lmes! 5r0OO square

o.lles. Hore thaa tso-chlrds of, the study areas are lese than l Equare al1e.

A vlde varlety of paraoeters are colLected lu.cludiag streareflon, water quallcy,

sedloeatatloo, preclpitatioa, evapotatlon, alr and soL1 ternperature, rLad,

topography, sol.ls, geology, land use, and laad-cover cosdltlons. Data are

collected over short tloe latervals so that latenslty vartatloas durla$

everts are pteserrred, for the reeord,, tre perlods of record rauge froa 40

years to less thaa 5 years. Drrlng the iate J.950fs, a BatloBal data storage

aad retrleval systeu, notr kaom as the l{ater Daca Laboratory, was developed

for the hydrologlc data collected at these research sites. Ttre resultlag

llater Data Laboratory Ls a mesber of N$iDD(,

Eelpful coroparlsons caa be uade betveea the ARS watershed researeh data-

colleetloa progra'lt aad USGS's beoch-oark proglan. Data collectlon under the

ARS program Ls deslgred to Beet lndlvldual resealch proJect needs. The user

ls nel1 defLned, and aaalysls of the daca froo a study area ls (for practlcal

purposes) contlnuous. ltre USGS bench-rark net*ork has generally scared

objectlves, but no speciflc user or project crtterla. ltre bench-oark goal ls

to assure long-cerm fleld data ls collected and available shen any user
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recognlzes a Etudy tequlreoent EoaetLme ln the future. Tttls oakes bench-

Eark nettrork deslgn and lnplenentatloo much oore cha11eng1og. The ARS basins

are used to deflne relaclooshlps betweea' agrlcultural practlces'and hyCrologlc

regloes. Thls use of the data results 1o careful docuoentaEloa of laad-use

aod cover coadltl.oas over tloe. The beachaark baslag are lstended to

represeat ptlstLoe rsatershed coadltl.oas unaffected by hr:oan actlvltles.

Slnce the basLn condltLoas are assrned to be stable, che aeed for lasd-use

aod cover coodltloo lafopatloa !s trot rrLdely recoguLzed at beach-nark sltes.

loth Betsorks are Lateoded. to provlde data needed to dete:mllre. cause-and-

effect relatloashlps and to defLae hydrologlc processes.

Forest Servlee

At ooe tloe, the Forest Senrlce inplaaeared

uader a 'barooete!' satershed prograo. Eowever,

Lodleate thls prog!'dr rtas teroiaated la the late

discoatlnuiag the Progr?n was Ehat the data qere

aaalyzed.

loag-tero data collectlon

receot coatacts lrlth Ehea

1970fs. A oajor reasoa for

aot beiag processed aod

ASSESS}ISIT OF EOW W!-J.T. OB'ECTWES ARE BEING

UgI W EIST!{G PROGRA},TS

0bJectlves of the Program

Ia the three publlcatloos Bost often elted to a descrlptloo of che

Eydrologic leoch-Mark Prograo (Leopold, L962; Cobb aod Si.esecker, 1971;

BLesecker and Lelfesre, 1975) lc ls dlfflcult to flnd a clear statemenL of

obJeetlves for the prograo.

Leopoldrs (1952) work whleh predated escabllshrqent of the Eydrologlc

Bench-Mark Progran and, ln fact, proposed che prograu 1oplled thai the purPose

Lras Eo collect '* * * Iong-terro observatloas of the natural hydrologic

regtraen * i *" (page 2).
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The atateaeot'often quoted froo langbeln (1968) shlch ser-'ed as the

etatelBent of objecclves Ln Cobb and Blesecker (1971) ls; 'These daEa could

serve several purposes: (1) analyses of the hydrologlcal structure of a

natural eatchment; (2) aaalyses of the statlstlcal struclure of hydrologlcal

tLae serles; aad (3) aa a reference or comparatlve base for notlng changes ln

the reglae of streaas rrhose catchoent or florr are developed for use.-

Bleeecker and Lelfesce (1975) dld not offer a statement of objeetlves

f or cbe progtr'?n.

It seems clear froo che early llterature that che lqcent of the designers

$aB to collect data over an ludeflalte perlod la a eonsisteat n'a!.ner aaEloarld,e,

oB the hydrology, lncludlng Eater quallty, and oB the iadepeodert variables

affectlng Eheu, 1o sma1l wacersheds that lrere as unaffected by @aa's activitles

as lras posslble to flud aad were aot llkely to be affeeted la the foreseeable

future. The nrsber of such satersheds lras to be declded by the aeed to

descrlbe the raage of hydroLoglc coudltlons aad the factors rhar lafluence

those coadltlons 1o uadeveloped areas of the irlatloa. The aatlclpaced uses

of the data lacluded those dlscussed by Laagbeia (f958), as aoted above.

the aaalysis of ttre early llterature suggest that the obJectlve of the

ptograra ls to provlde daca; aot solely for the purpose of accrlaulatlag a data

base, but also to a1lou the dete:m1aatloc of nes lafomatloa about the

hyd,rologlc aspects of relatlvely undeveloped,, scable catchooents. To brlng

the progrm Bore ln l1ae rrlth the uodera obJectlves of che WRD (see p. 7),

the program should laclude at least eiatqal analyses to oalatala usefulness

aaci reievance.

Ttre coomlttee offers ihe folIorlag stacenenE of objectlve for Bhe

Eydrologlc Bench-Hark ?rogram: ltre purpose of the Hydrologic Bench-Mark

Prograra ls to provlde conslstent data on the hydrology, lncluding vater
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quallty, and related factors I-n represent,atlve undeveloped watersheds natlon-
I

rlde, aad to provl.de aaalysis on a contlnulag basls to coupare and contrast

coadltlons observed ln basLas aore obvlously affected by the hand of nan.

Thls stateoent traplles thac the daca provlded rtl1 be sultable for a nuruber

of purposes sueh as: (1) developenc of regloaal uodels of rater dlscharge

aod quallty as a functlou of preelpltatloa, land cover, soil type, grouud-\racer

Btorage and other lndepeadenc variables; (2) develppment of basellne iafo:macion

for satural syscems; (3) deteetlon of treuds or ehaages !a elluace aod in

saler quallty as affected, by changes in preclpitatlon quality; (4) deteciing

or deEcrlblng chaages ln flow or quallty la other stEee's shlch are developed

or changed by aaa; and (5) gainiag a better uoderstandln.g of the hydrology

of undeveloped wat,ersheds and using thls understandlng as a basls for comparis*n

of eoadltlons Lo Eore developed baslas.

Satlsfylng the Prograu ObjectLve

..In terms of the sllrple objectlve 'to provlde datar' the preseBt prograu

Ls successful. Daga le belag collected natlonwide on a geoerally coaslstent

basls aad ls belog revlewed aad stored ln nachloe-readable fonu for analysts

aod appllcatlon.

An evaluatloo of shether the data belng collected is proper data for the

antlclpated uses requlres flrst that the data be used as aaElclDated and the

results of thac appllcatlos be uade knora. trls process of data applleaclon

aod feedback to ihe prograa has been largely lacklng aod, for that reason, an

evaluatlon of the prograra in t,erras of data usefulness ls lacomplete.

Ttre co"'-lttee recelved responaes froo 41 of the 45 Dlstrlct Offlces

to a request (see p, l and 2) for iaforo.ation on use of the Hydrologlc Bench-

Hark Prograa data and recom'''endtloas for ehange. 0f those respondlng, 20

llsced no Dlscrlc! use and 19 no Slate or ocher Federal Agency use of the
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data for any purpose. 0f the 20 Dlscrlcts llstlng Bo speetflc uee of the

data by the Dlstrlct, 5 dld n,ot have sltes rrlthin thelr boundarles. 0f

those respond,lng affizrattvely, 21 Dlstrlct Offlces aad 22 other agencles,

the uses of Eydrologlc Beaeh-l{ark Program data dlvlded lnco the follotdng

cetegorles :

D[strlcts others

Researeh oo l{atershed Processes

Baeellne, Backgrouod, or Coatrol
Data and Stati.stlcs

ltend Analysls

Settlag l{acer-qua$ty Scaadards

Sunrelllaace of Pollutlon

Uaspecifled

Flve DLstrlcts aod three other agencles appear to be uslng Eydrologle

Beaeh-Mark Prograa staclons la coopteheasLve lovesclgatlons of wacershed

processes aEEenpElng to develop, ac 1east, coaceputal oodels for the functioning

of che uadeveloped, watersheds ro coopare rf,tth che fuoctloalng of <ievelopeti

ones. l\lelve mstrtcts aad slx othe! ageacles appear to be usLag the data

solely to obtaia sratLstLcal laforoatlon on Ehe hydrologlc aad sate!-qua1lty

reginen !n r:ndeveloped watersheds to coopare rrlth those sane statlsclcs from

sttealls in, developed watersheds. In partlcular, t,he effects of coal urinlng

aad logglng ia othet baslns have bee:r explored uslag hyd,rologlc bench-oark

lafonatlon. Four Dlstrlcts and oae other agency are uslng the data for trend

analysls, prllrarlly lnvestlgatlng the effeccs of aeld rals on sEreau qual1cy.

the uges by 12 other agencles were for eurreLllance, standard sectlng' or uB-

speclfled.

u
4
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0f these ssee, research orr processes rrriy be consldeted the hlghest fora

aatlelpated by the Eydrologlc Bench-Mark Prograra deslgners. Ilend analysts

and developtoent of staclstlcs ln an undeveloped ratershed were antlclpated

aad are va11d uses. Use of the laforaaclon by other ageneles for srrrrzelllance

aad staadard settlng was not aatlcipared.

At the oatloaal level, a nuruber of studles uslag Hydrologlc Bench-t'{ark

Prograo data have been coacluded or are uaderreay. The study by Blesecker

aad Lelfeste (1975) lras aa exteaslve effort to establlsh the qualLty of

sater la the aatural euvlronoent. The use of Eydrolog!.c Beach-Mark Program

data ta thLs study grovtded che opportualty ro coopare quallty of water from

satural envLro::raeats e1th the water froa oaJor stre€Es draln.lng the same

hydrologlc regions of the Ualted States.

Other 'studles !a varlous stages of coopletlon ioclude;

1. E.ta have beea ex'-{aed la the search for screaoflow and nErter-quallty

treuds by:

(a) A current study ls belag coaducted la the l{lseonsLa Dlstrlct for

the Qual1.ty of Water Bnanch to susnarlze all water-quallty data collected

at each bench-uark slce through the 1979 Lrater year. tlae tteads are

to be.aaa1yzed,, and the Bature of che fiequeucy dlscrlbutlons of the

varlous ttater-quallty varlables rrllL be descrlbed. iobleat llater-guallty

eondltlons s111 be deteralaed, and a regloaallzatlon of these cosdltions

vl11 be atteupted.. ltre effeccs of aan on Eater quallty rr111 be lavestl-

gated,. Report ls due at the ead of FY 1981.

(b) Another current study belng conducted by the Wlscoasin Dlsrrlcc

for the Surface Water Branch stll sr.:omarlze all surface-water daca

collected ac each bench-oark slte through rhe 1980 \rater year. In
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addltlon to dgscrlblag strearsflow characierlstlcs at each alte, the

study r!11 laeLude an analyals of tlne trends Ln streamflow. Report

le drre la lT 1982.

(e) ltead detectton roethods developed by the Systems Analysis Group

(Etrech et al, 1981) have beea applled to records of 13 chenLcal

couEtltuents (pH, najor ions, suspended sedloeot) aE 52 beoch-uark

water-quallty statlons !n operaclon for at least 10 years. 0f Partlcu-lar

iaterest la thls study lrere nacer-quallty varlables thought to be related

to acld precipitatloa, lneludlag stdfate, alerate, PE, alkallalty, and

cotrnon catloas. lhe beach-oark tret\tork ls ldeally suited to Lovestlgatione

of acld-rala effects on surface rraters because interfereoce frcrn the

effects of laad use ls ulnlo,lzed, I{ldespread increases io sulfate ion

aod apparent geographLc patterns 1n treads ln other coBstltuents at

besch-oark statloas do suggest the influence of ehangiag atuospheric

' eoad.ltlons, but ""tt.in puzzling aspects of the results of the study

have glvea rise to further questlons. Ttrls rork is belng carrled out

la the Quallty of llater Braach.

Z. ?est of E:rst phenooenoa. Ttre Er:rst phenoaenon-the cendeacy for

hydrologic daia serles tc exhlbit long-Ee::ra perslstence-has been challeaged

by the suggestlon thac lt ls ao Bore Ehan the effect of aonhooogeneltl.es on

hydrologlc records. lhe benchtark data series, tlhleh are deslgned to be

nearly homgeneous lrlth respecE to che cechnlques and of stable basin charact,er,

Euppott Ehe exlstence of the Hursc phenooenon. ltrese studies. are belng

carrled out in the Systens Analysls Group.

It is clear that che Hydrologlc Bench-ldark Prograo data are belng used

1n the lleld and headquart,ers, bui there ls consLderable quest,lon whether lhe
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saes are as sophlstlcated as rras orlglnally lntended. Horeover, a oechaalsa

to feed back lnfonnacloo to oenrork oanagers otr che results uslug Eydrologic

Beoch-ilark Program data ls a fleld study ls laek1ng. There ls lletle laforoa-

tloa oa tlhlch to base approprlate aodLflcatioas to the Progtao.

Data-collectlon prograss operated nlthout data analysls and loterpretatlve

coupoaents cantrot remals operatloaal for loog nlthout drawlag crftlclso froa

the professloaal coo.or.nity aad goverruoeut overslght ageoiles. Crltlclsas

geoerally focus oa shat iaforaatlon 1s sot beiog provlded. the Geaeral

Accouatlng Office report on the NASQAII Program attacking flxed-statlon'

flxed-freque!,cy nonltorlag oettorks, cooplalaed that data froa such aetltorks

had not deoonstrated the effects of the uegslve ltater-quallty coaErol efforts

of Che past decade. the report goes further to suggest thaE sinee ttre data

had aot, 1t eould not and therefore was of ao va1ue, a coapletely false

eoaclusloa. l{hat has been lacklng ln the present ptograos, both 1o NASQAT'I

and ghe Eydrologlc Bench-Hark Prograo,, ls a conilnulng sunn"ary, analysis,

aud laterpretatloa of the data by I{RD. hd, lf that functlonal component ls

weak, the p.rogr:r"s r*il1 be subject to just1fled crltlclsn.

h th: coaceptual oodel for the Natioaal l{at,er Data Nenrork (Laogford

and, Kaploos, 1979), the data collectloo or accouatlng functioas, the su:iveillaace

fuactloa, and the lnterpretat{os or areal syachesls functloa are shora as

eeparate operatioas. Tlels 1s a norkable arrangemeut, ln Eeras of proper

tranagenenc of Ehe functlons Eo provlde lofornaclon ln an efflcleat Batrner' so

long as all three funcElons are operatlng and coordlnatlon and llalsoa betseen

them Ls effectlve. Ttre report of the Corn'r'lttee to Revles the NASQA!{ Prograa

(June 30, 1981) concluded that a serlous problen with che NASQAN Plogram'

rrhlch ls a raaJor coruponent of the data-col1ect1on or accountlng funcclon of

the Natlonal Netuork, lg thac the su:rrelllance and areal synthesLs funcEions
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are either Dot belng effectl.vely perfonaed or Bot provldlag effectlve feed-

back to the data-colLectlon functloo oa the usefulness of the data. Ttre

Eydrologlc Bench-Mark Prograo has as aualogous problen. The aaalysls and

lacerpretat,j.otr funeclon is aoc belng systenatlcally performed, \rith the d,ata

base.

Ia sr:ooary, the Eydrologlc Beneh-Mark Program as ptesently operaci.ng ls

ooly partlally satlsfylng che progra$ inteoE as eavlsloaed by Leopold. Long-

tEtu strea-flos aad water-quallty loforaaclon has been collected oa a aatloualJ-y

eonslstenc basls, and some precipitatlon data are avallable for oany beoch

aarke. these data have beea usefuL la solvtsg slgnlflcaat probleos. Ibvever,

the program, has oot p?ovlded the scope of data for the baslas thac 1s needed

to perforo cause-and-effect analysis and to study coaplex hydrologlc processes.

l{aJor areas of laadequacy are grouud-rater obserwatioas, coaslsteut preclpltation'

collectlon, land-use and land-cove! lafora,atlotr, Eoouaented cross-sectloo data,

aod geologic descrlptioas iocludlng sol1s data. These inadequacles are Eo

soae extetrt a result of progrr?n resource lLmlcatloos. In addi.tloa, the lntet-

pretaclon of the data has oot been extenslve, so Lhere are ferr products

avallable for revlew.

APPLICd.TTONS OF UISTING ?ROGRAM D{FORI,{ATION :

BIEANCED DATA ANALYSIS A}lD PSBLICATIONS

To date there has been only ooe publlshed report of aatioaal scope

(Blesecker and LeLfeste, 1975) nhlch reports on analysls of daca frou the

Hydrologlc Bench-llark Prograo. It 1s the posltlon of thls corm,lttee that rhe

ratlo of data analysls to data collectlon efforc ln the Eydrologic kneh-Mark

Prograra has been far too lorr. An enhanced data analysls and publlcacloo

Progren rtould have Ehree types of beneflts:
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l. An lncrease ls avallable infonaatlon about the characterletlcg of

lJater resources Lo varlous naEural eavlron*entg.

2. Aa Lacrease Ln awareness on the oart of scl.entlsts

elselrhere of thls rather eubscauclal body of data shlch caa

for varlous sclentlflc aad resource{anageoent purposes.

the Sunrey and

Put to use

3. A helgbtened 1eve1 of lnterest 1n the EydroLoglc Beach-ltark Progran

on the part of the I{RD field personnel, leadlng to lmproveneats Ln the data

base: ldeetlflcatlon of erroneous valuee, and of lost data, aad suggestlons

of changes ln iata collectlou. that raight enhance the value of the prograa.

Before descrlbiag sooe proposed anrlysts and gubllcatlon plaas, the

questloa of horr to orgaalze the effort should be consldered. there are trro

oodes of organLzatlon to coaslder as rcell as a possible cougroelse oode. Ttre

flrst ls a ceacrallzed approach: a few iadlvtduals who are located. la the

Dtstrlcts but funded aud dlrected by the Braaches would perforu sorae staad.ardized

analyses aad prepare tatle:., graphs, aaps, and text raaterlal coverlng all

statlons la che netrrork. The secood Ls a deceotrallzed approach: oae or

tvo lndLvtduals io a nrrober of Dlstrlcts are eocouraged to prepare a repori

oa the hydrologlc beneh-rnalk basins la thelr Dlstrlct. The flrst app.roaeh

has the aivaatage of'efficlency aad conslstency aad perhaps greacer vlslbi!.lcy"

The latte! approaeh has the ad.vaatage of greaeer siee speclflclty, focuslng

oa the lnterestlng aud answerable questlons for the partlcular basLn and

brlaglng about the greater lnvolveraect of Dlstrlct personnel ln the prograrn.

tAere ls a posslble coupromlse approach; have a soall team ln one offlce do

e set of analyses oo the aaElonal data base and produce certain Baps, graphs,

and tables resultlng froo those aaalyses. the teaE sould publlsh a subset

of these ln natlonal reports but supply all of then to che Dlstrlcis Co

produce indlvldual basln repor!,s.

{n

be
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Ite followlng is a list of sooe types of aaalysls aod presentaclon that

the corrrnr{ ttee recoomends be doae natlotrally for the liydrologlc Bench-}dark

Program. Ttrey are llsted ln order of prlority.

1. Escrlpcloas of Ehe comoa ratrges of coastltuent cou.centtarloas.

The purgose of thls uork would slnply be co orgaalze the constltueat

coneeatratloo data at each statlon to dlsplay the probabllity distributlon of

the dati aod also show how concetrtratlon valles rrlth dlseharge. thls sould

lllustrate the.uatural varlablllty of \dater quallty at a slte, aad to show

dlffereaces bet'lrees sltes. Such a report worrld provlde readers trlth a

Etaade.rd of couparisoa for valueg obse::red, oa other strea'ns : do they fal1 ta

the a,lddle of the range of aatural values, are Ehey out ln the taiLs of rhe

aatural values, or are they vel1 beyood'the range of obser.red aatural values

(see examples ln figure 3).

2. Surmarlze Ehe record of occurretrces of hazardous substances;

pestlcldes, mlnor netals, aod radlatloo. Biesecker aad Lelfeste (1975) did

Eoae tabulatloos of these data through 1970; it rould clearly be deslrable Eo

update these tables. Tab1es should be for the entlre hydrologlc beach-rark

uetwork. Eor eaeh constltuenE there should be a lLst of: total ounber of

deterslnatlons, pereeat of determiaatlons shere substaace was detected, aad

percent of deterolnatlons exeeedlng drlnkJ.ag \rater st,andards. thls could be

done lor tvo tlue perlods (say, pre-1975 and post-1975). !!aps could be

produced oarklng Ehose statlons'rtth hlgh frequencles of detecrlon or oi

staadard vLolatloa. Depending on the quallty of the data record, oae could

perform trend tests for these substances nhere the nuI1 hypothesls is Ehat

the probablllty of exceedance of some threshold value has noc changed over

Elne.
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3. ltead testlng for oaJor Lone aad autrleats. Much of thls has been

doae already by Solth and Alexaader (Quallty of Wacer Braach) uslng oethods

developed by the Systeos Analysls Group. Dena{s Wentz (I{lsconsla Dlstrlcr)

te alEo vorking oo thls. rn addltloa to publlshing chese results for the

entire hydrologlc beneh-raark netnork, it ls tmportant to dlsseuinate then co

the Dlstrlcts for Ehelr cotrnents'and analysls. Some exploratioa of causes

for these trends should be nade and reported on; the investigators rould be

expeeted to coaslder the fo11ow'lag possible cauaes: (1) hr:uaa acttvltles on

the land, (2) atuospherlc inpucs, (3) changes to geocheoical proeess

rates due to cbaages la ralafall chemlstry, aad (4) ehanges froo aaturaL

ca'Jses

4. Estiaatlon of long-tern loads of constltuents. Use record extensj.on

technlques whi.ch rely on statlstlcal relatloushlps of the lnstantaueous load

values versus oae or Bore of the coatlauously aeasured varlables ( flov,

eoaductlvlty, aad teoperature). Froro these aaalyses produce tables and oaps

shorrlag long-term average aau,r:a1 load per r:nlt area for each of the coustlEuencs

for shlch aa estlrlatlon accuracy of + 25 percetrt 1s possible. dlso perfora

seasltlvlty anaJ-ysl.s ln seleeted cases to evaluate Lhe effect orr aecuracy of

havlag uore llulted coirstltuent loads data or raore llaited contlauous Eeasure-

Eeats. Ttrts rr!11 prove useful for sakl'ag deelsions about future cosi cuttlng

at these and other statioEs.

5. lhe relaclonshlp between preclpltatlon and ruaoff ls sueh that

generally sua11 percentage changes la preelpLtaglos resulc ln larger Percentage

changes la runoff. trrus, test,iag the exlstlng flow records for trends

(aonotonLc change over tlne) should provtde a falrly sensitlve indLcator of

cllaaclc trend. ( It oay be thac these dralnage baslns are better lndlcators

of clfuoatlc change Ehan raln gages are.) Soae lovestlgaElons to carry out at
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each statioa: (1) trends {n flon l!, ladlvtdual oonths-parametrlc (llnear)

regresalon) aad ooo-parametrlc; KendaLlts (1978) tau oeEhods, (Z) creads Ln

the time serles of ooachly flows by para.oecric meEhod,s patteraed after Box

and Jeaklns (1970) and o,on-parametrlc (seasoaal-Keadall) nethods. Ttrese

results could be sl''w"arlzed over regions aad over the Natloo: one could cheo

coaslder the dlscribucloa of cread. slopes over all stacions aad oonths.

Othel applleaclons of che Eydrologlc lench-Hark Progran data would fal1

la the area of.research. hrildlng aad verLflcatlon of nodels, both deterai-

aletlc aad stochastlc, depend on the aval1ab1l1ty of high-quality :tarlonary
recotds. 0f all our records, the'hydrologlc beach oark, as a group, should be

the aost statloaarT. lhe baslas should be tdeal for roodellag of reglonal

eater budget aad of geocho'r'istry au,d solute t,raBsport. If uonuo.eated

ehaunel cross sectLous exlst, they should be ldea1 for chanael geoaorphology

studies. Hany of these researeh efforts are depead,eat oa data collectlon lo

the.areas of preelpltatton cheelstry, grouod-r-ater levels, and cho'l.{str? and
" - .1

'chaaael oorphology, aad relatlvely llttle of these data have beea col].ected

to date.

RECOMMSIDATIONS FOR FUTI'RE DIRECTION OF PROGRAM

the respoase of the Dlstrlcts, RegLoas, and others rras very helpf rrl

t,he eo'm,lttee ln evaluating the status of the Eyd.rologic Besch-l4ark Prograo

asd !a developl.ng recouuendatloas for the fucure direetlon thereof. Tne

reaPonses and suggest,loos underscored aauy of the thoughts of comrnlttee

merabers and polnted out several new ideas,

A revlen of the responses, shovr,ln che append,lx, leads to Ehe followlng

eoaclusi.ons :
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The progran aeeds eahanced vlsibLJ.lty. ttre exlscence of thls uolfo5l

aec of relaclvely hooogeneous daia Ls r:nknosa to dany potentlal users.

Addltlonal efforts should be aade at both aatlonal and Stare leve1s to

publlclze the lnfonaatloo chrough repor:s on studies using Ehe Hydrologlc

Beach I'lark Prograu daca base. Hora use of the loforaatloo should be cade

by I{RD research scleotlsts and by acadeolc research lostltutloos.

The prograo !s consldered to be a very lmportaat one and ls assigned

a very.hlgh prLorlty by the Dlscrlcts, Regloas, aad by soae eLements

rlthln the Natlonal Researeh Prosran.

cooperatlag ageo,cles are highly supportlve of the progr€u. rtre

availabillty of base-llne Laforoatloo collected on a aatlooal basts

Lo r:olforu staudards i.s very J-aportant to Seate aud loca1 agencles

charged wlth settlng staadards. Tt:ere ls no substltute for such an

laforaatloa base. No cooparable data base exlsts.

Ttre aval1ablllty of preelpitatlon and preelpltatloa qr:a11ty. data.at

all sltes would sigalficaatly eahaace the utillry of che progran.

le 
aetvork 1s ideally sulced for further studies of acid-raln proble e.

A sTsteuaElcalLy collected set of land-use and land-cover Laforoacion

for each basln ls required la order to docr:oerxt changes, lf any.

TttLs laforaatlon should be colLected at speeifled lnrerrrals aod be

an lntegral part of the data base.

Ttre lack of at leagt mlnlnaL e:nounts of lnforaaclon regardlng changes

ln ground-\rater leveLs ls a serlous deflciency io nany of Ehe basins.

Every effort should be oade to rectl.fy thls sltuacloo.
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. Gtaages 1o nater-quallcy saapllng frequeacy could be oade. A reductlon.

la perlodlc saopllng frequency for a nrs,ber of paraoeters could be '

lnpleoented wlthout Lnpactlng progra.a obJectlves, Evenc saopling for

selected paraaeters Ehould be coasldered.

T?re conclusloas and reco""nendatlons by che coumlttee are:

1. fre Ayiologlc Beoch Mark Prograu ls a very lmportanr eleoenr of rhe

overall Proglau of water-resources lovestlgatlon's of I{RD and shouLd be

coatlaued. the opelatlou, of a aecrork of hydrologle statl.ons to provJ.de base-

llne lsfortratloo for the current aad future assessaeat of the effects of
qaat s actlv{tles oa the Natloer s nat,etr resources ls belleved Eo be an

abeolute aecessLty for a techaologlcally advaoced soclecy.

2. A prlaary defleleocy of the progras ls a laek of Lnclusioo of

analytlcal studles uslng the data base as ao lategral part of rhe progran.

Assess:,aeat aad analysls should be a coo,claulag elesent of ehe proglan, ralher

than a perlodlc effort """0 as tle uov have. Some prograa fuods shoul{ be

provlded for analytlcal studles. Proposals froa Dlstllcts aad the Natlonal

Researeh Prograo should be requested tc enrlch the prograo. such

aa effort'.patteraed after thls yearrs -L1.ttle Blt ktra- progt'"', could

yleld excellent results.

3. Gcouad-rcater data are lacklng la uost of the Eydrologlc Bench Mark

Prograu patersheds. The few data that have beea collected as part of the

Proglau generally conslst of water-level data for a single lrell ln the watershed.

Tbls oeager lnfor:latloo does not provlde any basls for assesslog Ehe aacure

End extenc of lnterrelatlonshlps betseen the ground-sater and surface-water

eleuents of che hydrologlc systen.
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A hydrogeologle teconnalssance of the ratershed above each statloa shordd

be oade to deflne at least che prlaclpal. geologlc unlts thae influence the

geochemlstry of ruaoff aad gover:r che flos-recesslon characterlstlcs aad

che.{ca1 qr^rallty of base f1ow.

4. ltre data-collectloe pEogr:n should be nodifled

t1oa8 of grouad-r,rater levels 1o each basLn; a perlodlc,

of land use and cover ln each baslo; and ad.d,itlonal data

procesBes ta selected baslns. Geoaorphologlc daca could

the VLglt llerwork program.

lo lnclude sboe obserr.'a-

systeoa tlc de tetu.iaa iion

relaced to geooorphologlc

also be lacluded i.a

5. Dlstrlct Offlces sbould be ao lntegral. part of coctl!.uilg asseg$leats.

There should be a feedback mechaalsa to keep Dlstrlcts lsfor:aed, of various

studles being uadertakea rrtth the Eydrologlc Bench-Mark prograa infonsarlon.

Oae ludlvldual Lu eaeh Braucb shorrld be appol-ated co be respoaslble for the

prograo aod Dlstrlcr feedback.

1. Substaatlal effort-s should be oade co enhance the vlslbiLlty of the

Progra:!'' Thls sbould laclude Beutlon la the SEace l{aEer Resources IovestigatLons
paophlets, aanual State Proglese. reports, and other I{RD publlcaEloas. Md,itlonal
efforts should be nade to oake koorm the ava{labtlicy of thls lnfor:Eatlon to

35g 3qadeliic coon'r:nlt!. Effort wlthla the Natlosal Research prograo should

be dlrected to studles involvlng Eydrologlc Beach-l{ark prograo lnforoatloo.
Speclal effort should be nade to presea! reoearch findlngs at techglcal

aoclety roeetlngs.

7, Steps should be undertaken to provlde add,itiooal awaresess la other

sater-related agencles regardlng the Eydrologlc Beach-lhrk prograo. Efforts
should be nade to LacorporaBe che needs of other agencles io ehe progta6.

If thls can be accompllshed on a relubursable basis, the progr?rn could be

signlflcantly enhanced.
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8. Oae decerrent to expaaded use of Eydrologlc Bench-Mark Progran daca

la that at prese$t streasflor an,d lrater-gual1ty data for statlone ia the

prograrsg reslde oB 6o!Be 57 separate BagBetlc tapes. A slngle file lncludlog

all eloe-serles data avaltable for the statlotrs should be establlshed. In

add,ltlon, a readlly available fl.Ie of aon-tloe depeadent Lnfonoat,ion should

be ualotalned at headquarters.

9. A ouaber of recomended actloas d111 require addlcloual fun<is, el.ther

by prograa redL,rectloo or add{rl.oaal approprlatlons. The cou&tttee revlewed

lu depth the exlstlag daca-collecctoo ptograrl. It I''as the opialon of che

corrr-{ Etee t}rat Ehe ntnaber of statloas ia the netrorks should aot be decreased

and that cortlnuous flolr records are requlred. Ttrls l-eaves oaly Ehe water-

quallty portlon of ehe progran, represeotlng appproxlnately oae-half of the

total expeadlEures, as a possl.ble source of redlrectioo of effort. It ras Ehe

optolon of the cooslttee that the frequeney of saopling and the roster of

coastltuents analyzed eould'be oodlfled and geaerally reduced at aost stacloas

vlthout lnpairtng the ur1l1ty of the data in oeetlsg the prograo objecclves-

It ls our recoo@endatloa that upoa compleclon of che currauL study for the

Quallty of J.iater Branch by the i{iseonsia DlstrLct, an assessuer! be oade by

that Branch on a statlo!-by-station basls for the ptrrPose of deflnlng a

reductloa ln frequency of sampllng and roster of constltuents to be aoalyzed.

In partlcular, given che length of record, already exlstlag, a decrease in

samgl!.ng frequeney froo monlhly to quarterly .rould Bot llkely result Ln a

slgalflcant loss of lafor-aacloo. I{e expect thac perhaps $50,000 or uore ln

funds can be oade avallable by ehaages lu the Hater-quallty sampllng prograo.

It ls the flru convlecton of the commlttee that lopleoentaElon of che

nlne recommendallons will lead to a conslderably lnproved Prograd. 0f the

nlne speelfic recomn''endatlons, nrxnbers 2, 3, and 4 w111 requlre addlrlonal
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prograo, fuads. l{e urge Ehag addltlosal funds be provlded. These addltloual

funds, aloog nlrh redlrected Eydrologlc Beach-lGrk Progran funds, wt1l provlde

for accoopllshneat of the recorn'neoded work lu a reasonably tIrnely fashion.

In aay evest, the prlorlty for the addlrlosal work iteos uader ar:a,bers 2, 3,

aad 4 Ls:

1. Analytlcal studles usJ.ng the data base should be aa lacegral part of

the prograo.

Z. Laud use and cover nrrat be documeo,ted oa a perlodlc, sysEetratic

basls

3 . . Hore gror:nd-water laf oroatlon, laclrrdlag a hydrogeologle recoaaalssaace,

ls requlred.

4. Addltloaal data orr geouorphologic processes should be collected In

selected bastas.

All other recon'r",er,dat1ons caa be lopleoented by dlrecclve at headquatters

level rlthout additloaal funds.



?e

RBERE{CES

Blesecker, Ja:nes E., aad Lelfesce, Doaald K., 1975' I,later quallty of hydrologlc

beach oarks-an lndleator of nater quallty la che uatural eavlronoenl:

U.S. Geologlcal Surwey Clrcular 450-8, 2L p.

Box, C, E. P., aud Jeuklas, C. U., 1970, Tloe Serles Analysls, Forecastlng

aad Cootrol: Eolden-Day, San Franclsco.

Cobb, Eraest D., aud Blesecker, Jases 8., L97!, the ab.t1oaa1 hydrologle bench-

oark nersork: U.S. Geologlcal Surrrey Clreular 450-D' 38 P'

*nrnett, W. H., 1965, The Vlg1l Netvork: Methods of neasurenent aod a sampllag

of daga collected: Syu,posir.:n of &rdapest, Lateraatioaal Assoclatlon

Scl. Eydrology Publleatloa 65' p- 89-105.

_, L974, Graaael aggradatlou la rrestera Unlced States as lndlcaced by

observatlons at Vlgil, Netsork sl,tes: Zeltschrlft fur Geoaorphologle,

Suppl. vo1, 2!, (December)' PP. 52-55.

Etr@ett, 1{. W. aad Eadley, R. F., 1968, The VlglL Netsork: Prese:rratlou aod

access of daca: U.S. GeologLca.l' Su:rey Clrcular 460-C' 21 p.

Eadley, R. F.,1965, Selecclag sltes for obsenratloa of geomorphlc aad

hydrologlc processes through tlme: Syccposfu:o of Budapest, Interaatlonal

Assoctatloo Scl. Eydrology Publlcatloe 55, p. Zl7'233.

Elrsch, R. H., S1ack, J. R., and Solth, R. A., 1981, Techuiques of feod

Analysls for Monthly Water Quallty Data: U.S. Geologlcal Sunrey

Open-Flle Report 8f-488, 41 P.



30

'Kenda11, M. G., L975, Rank Correlatloo Hethodg: Grarles Grlffln and Co. Lrd.,

Loodou.

Laagbeln, I.l. 8., L979, Overvles ou cou,fereoce ou, hydrologle data nersorks:

I{ater Resourceg Research, v. 15, ao. 5, p. 1867-187L.

Leopold, Luna B., L962, A nacloaal aecvork of hydrologlc beneh uarks: U.S,

Geologlcal Sunrey Ctreular 460-8, 4 p.

_, 1961, Ttre uaa and the. h111 : Opeuiag address to the Syuposfu:a oa ellmatle

change, UNESC0 and !ft{0, Rooe, Ita1y, Oct. 3, 1951; U.S. Geologlcal Sunrey

Clrcular 450-A, L962.

-, 

lt962, Tlre vlgl1 Nernork: rnteraational Assoclatlon Scl. Eyd,rology

&rlletla, v. 7,1 o.o, 2. p. 5-9.

Leopold, L. B. and, &orqett, W. I{., Lg65, Vigil Netrrork sltes: A sample of d,ata

,'for peruaneat fl11ag:' Inter:ratloaal Assoclatloa Sc1. Eydrology. Bulletin,

v. 10, no. 3, p. 12-21

VelJ.eoaa, P. F., aod Eoaglla, D. C.,1981, Appllcatloas, Baslcs, aad Coupuclng

of Erploratory Data Analysls: Duxbury Press, Boslou, 354 p



APPB{DIX



ll
()Hl

IJ

=e{t4=

&,r qJ

()ti

z
F

o0 | 3.q 3 CJA'{ !r 3 I€ t\ \g 
^4 

Fl 'O tr C l\ r .
.es\O O\.rt 3 (! O trr{ C\C
v(!O\FiCCJirrFiAOO\C.

gFl I tl, U >\ l! ' F{i I. rn - €3 x> o G . u Ft
AFI . \O () -C O lr O A u . q) -f
i.!q: O\ !r E-* O fi !J lr o\u ats. F{ .o.'o o\ =t, I i a Fl
O;,{(,) . AJ qj.l.lrl 0Jln C € !J
li 0O= - t-'g l. tQ C, F{ Cr ?t Fi \g .J >
!.O ,e 

=ZlQz 
!l(!s\cri

F{ > Aqr 3 o ri C UF,i Cri A.OS-ir.JO€tr.g
s u o c o o - =3 u co . rEl u.rJ (!'9 O lr !D E eJ O O >! cr.
A E !J I rl E .Fi -i 0) .. !
O+l.|. AtS.-u..CO .O!rJC/) ACt
"gFi O e C3 AO rJ a&J c Gtlr 3O O t\.-Fa 0l q, ri i r! i A O 3 (i'J >\Z3 Fl F{(/f3!JF.(JlJ! (J=! 

= Fi
OqJF{ Tif:. d O il CJ O?i!J'O
C C O (! C, >' O C Li ! a !r < i 

= >C. 6 Os:6O cl=_OO-rt-oO ,a= tr-O!:l "Qrr

cr
NE
!J C,'

ocIr. (!

,i (u

!.O
E t-{

OG

3

a
A
TJ

lor\l\o lro\ c.l IF{ <.fv\o
io\

UVF

c, I

\o
o\

I
.af
\o
o\

tlcoF\g \O
o\ q\
F

A- A.

l.u
O?{ I

\o
g\

.F

AI
-r;F-\O. -g\il()Fr

-t:
nl
L)

I ...,a ::\o:
t^-lI vr -t\ -{;.f\O *rO

O'\ . .O\
F{ pr(.)Ff

A

^=
'l.Jllco F :'l

q\ -.. 0\ ;FlFi: 5
aaa

A. A. lt

trlr

lrrd(,3
B tl
ri CO

.€\

.gr
I

o\
g\l

.€\
()F{

I

\o
€h

I
.v
\o
o\

\0.o\
It3 r

-iO.f\O Fl \O
o\h o\
FH

3.o
vHv

!

otr]
v2

tr

3
6,,

dz

.(!
lrr a

oc) t.

F)

d
3
?t

YJ
+42

LH5&
a
)<

OF{
- 

r-!
..l
-f
N!
F{g.rn

tr,()Cl !..
^l 

tavl!v
F{l (! 

-Joq Foz e c
OI OH Oel = 

. lJi| . & oo]i
?l 4Ae
ll lJlrti.
oJl f O r':l -C Or,rl o^o-i=o00Of an 6 3 ci -{(gi . 

= 
''iJqrl OF{ OE S

ATAFAd

l.rl r\o (\l qJ o=trl \O .q Fi
Ol l\ &J l/''l i C) L,
zl 6l€ oC) o(E

FlF.f

Fl

rl'.

-l
I

t
o>\
:rH

.'l4E
l.2-t

E-i ar

=h'JLFrO



ea€-{EOtr3 dAAvY9r.ri i Ig lr lJi
i(! 6U)
h o-e
9UF{.F,l 6 O A.C
r-t 'O Xi
!!E!l CJ
- rr rl

CrrJ g Ft O()q) (!cJ
HO= !L
o,-r I qJ o0lJFi Q tr O60!+ltJ
3 U't 

= 
e.

\o
I

\o
o\

I

\o
o\

?n .3
= {rZZa)

o
I

| (\ (i)

t+] .f
Ln .O\
O\ >Fi

tt tl.qt c

\o
€h

I

lLn(.] cn
\C F{
o\

()ti
.(U

qr>

HO
rtO<3

c!
?tE
to

l-'Ooclr{ til

Fr q,

lr'tcr€
Ee1

O CJ.f
li lr O\
AArF{

ol
oiol
€.f00 \O

I o\" I6l (+) F{v\o
g\

Lrf, !,

\o
\o
o\
lala|n 6Jrn (u

rn lrrn !
O\ t{ O\ -{ti OF{ O

tl
l\ l\\O \Oo\ o\
FF

.a
HH

I

\o
q\

I

\o
q\

-Fl .-F{
()v(J\-/

.F,

I

f\ :':\o:
-{ .; .$r\o. .or
Fr Q F.{

oo
F

r{ Fiq, cJ33ltl .f F.l 6l \Ovl\ v\og\ o\Or-{ HF{

-n
,tgv9
.l. . s r j
-'t Fi l\ ; l\
Q A\O "\C

tt(rrt IFl ln al ln tn tn
InJ ln rn.o\ -o\ .o\

()Ff(JF{Ht-l

I

g\

ll.f \O
\g \Ooc^
F{ i{

a1 tqv

I

(n
\0
g\

I

\o
o\

I

o\

A^
.A

9v
UJJJ

| ' I ,. t t F.{F;F::t\t\c.,\Oi \O: \O \O3
9r=lo\=to\o\-l
E';Ff F;-1 F FrfFt \O r \O vt\. -o\ - ro\ . . o\gr(JFl trCJrl Or O"l<Ft

I

\o
€a

\o
o\

I frF{
l\o
\o LJ
o\ .!'. -.
-{}C-
. .(U

li

oFr

\o q)

.f

F

.c<
t!9. l.<E a>or30
c0 O .tt ,-iq C +tF{
t O F{i
^pv-v-

.o
OtrOo
vwvrn . CO'C.it l. (?l g
!n(J o<
F{ (\l

lJ lr
wv

.-
l.=i(J?

Fo> =-1 -9

O.ao c c-=lgcr=(0
5lr

- 
i UJ

e4 Q, G,l Znr6t\
v-f)(n N $
F{ (.l

.0J
lJ!

u-l qJ
\Oj
.fC

qJ

L.

z

L

o

cn

qli

Os
q,F

3

t{
tn

'lrl

I

ct
lr
ot\
lrlJ

':4=lJ 
=F.{

Aq\

Ct{ OorJ c
=FrCJ lr

aO t!



OadF
&J qil

ocu{€
Fro
li!o(!
Ed

- ) \f) gl,/(u0\Z
E>F{L?i -O q,, >11 .&J3 (,:ql.r!€cJ

! ! }rt Q
VL\9gF
tr 0J .€.-!J2

A,r^

O -{AOq. tr ; (!3F{ CJg.c- o i4r{ | Fl >O
U tJ''t CO ll U F{
oJ\O O tl
,.rg\ F{ . .lr
nr !-,t O JJ ei frJcu
F{ t! E g, tdZ
?'tu*0JlJ
d 6 Fl l. aJtr

A q f \ 
^ - ^vsg9

tr tr:
qt +l

GF{

?'l 3

>l
r.{ \O
cu c\

I

.,q
\0a

(J
c,^

>,i
-aF
.6tn
ev

l,

l,

(J

I

.q
\o
g\
r-l

a
th

-i-

I.,f
q\

\o
I

-.r\o
c

o

I

$l \ov\O
o\()Fi

I
o\
\o
o\

\o

d, tl
l\ t\
vwo\ g\
Fl F{

I

o\

I

\0
o\

I

\o
O'r

O 'r{

d.di.€-='.Fo coE =IJ \OU EI ., | ,. I rts i'l Cr r- i.' Or r\ F :.'\O ir\ \O:r\ \O \O:e,; I q\: I o\ s\; I
F;{ -;.f 

Fi -l;cl
-\O t\O t\O

- r9\ a r€f rO\
F.(JF{ OrtJFf fr 0rOFf

I

\0
c\

I

\o
o\

tr(6(,3

.A
-,1r-l
fi Ft r-l
OriF{l
3€JqrN 33\gcnt tc\vCO Fl 6rnCD Ft

\O v\O v\O
.O\ g\ O\ .

l-J Fl CJ Fr r-l -.1 a )

F

qt
}J

N

I

(nl

.€\
Q-f

I
\o
o\

I.{.

9.O

ll.q J4.i .q
\O l! \O \O
A IIA

Ft AF{ Ft'\o. .o\
v--v

-B oo(u
I r..'{ i It\a\o\o3\o€\ o\o €\

Fi F{ (n F{

. -!,
C)H 6 CJ

r

lrl.rtr
- f ItbY.ci

C . $z.f 'l.t 4 tr qJ

>h (J q) Eg E< o()O. - nO €(J o O c,o > c, d o o-c
= )- *< 5 - O F'{ (J
cJ O. FlL) Fl C }r A Oa o F{ Fl o dtn !J c
O = 

11t - cg Lr >= $ F,t
U?OhroFr>(J)(J$

3. lJ(l .L,
OOC)!JOFtlnCJOd
A 

'A 
A 

'\ 
A f \vgvvvv

F{ \O-{ .f F{ri OF . -tF{ CO . G\ g O(\I!Fi=t\lJFd\C!i
|r1 C NF? F,4 a \!'F: \i. C
N (1 (\{ $| F1

.ktl .col &rll v
cq!!
vtvvXl tr J ',:.laJcl ;-rrl .y . q,
ol (J> (nJ
rJ l (! o t<Al Fi -i +iftl tt t vt
a! |vt rv -El olr Oo5Jl c)€!no
=l co<1 hol o\. oa(rll \O lr Ln !nC .s(J

st sl

I
QIFil

rrd

I

(nl
I

l'.

o>
li!

JdE
!=F{

tr?t o

EF

oo ?rr



g'\ qt

I \./ (r)o=a4 0z
aJ l.l(!r=
!J!O
r{$H
o. 1.. tr.lrlo
{l EFiH C'.c

E L?i
l.r {) t0c,s>sG6t'
C'tr &r <o c €>
F:(!"3H

tl
l4

or0
+tE
rJo

lr rO

rr.o
HO
li .O

o6

I

I

I
Irl

L.<

cx
> (r)

OtrFttrr\ A4o
\gl

A
t\

I
co
\olo\ ,i

v

It\
\olo\
Fi

a

\0
tlFT\

\O \O
0\ o\
Fi Fl

I

.o\

ll
t\ !f1
\O \Oo\ o\
F{ F{

aa
vv

6r@ (u

= 
,i3 !t

O .gF{
lk36ntr Io1)0 i (?]

N 
=F,{ 

-0OO \O
cr ;t! . g c o\
F{ c I cJtl-c !'l

3o!- -Or{ 9"5(JPiFi=qr=1 q)

I

\o
o\

I

o\

;.

\ott
I\F\o \ooo\
F{ F{

.E
woJ
\o tJ
Ar.
\o :'io.; I
Fl;(ri-ro
. .0\

ArCJFI

I

\o
O't

I

o\

I

I

\o

oh

v€
!=J,

Eo\
C+t O

raN=g-
o!
c!'|

(u

A'

r!. ele
. rJl

& r{l t)&0q o<cJ qrl !
F1 Z el 6 .
uF | 00tl
r,, Ffl O !
?'i .(!1 OO

|,I f . A

- 
v J

a!l
OO Cl C)tr
A - af IYtFB a=
O\O.f€.f F d]>(tl t\

aaocF{Otr
FtiJg
r{g,C> oo .

O C. trF{ &lr O 'l!FiO.c -f:l O@ dz(rF{ ! } 6ts
a€ ci qJ $i
6 ).2 t!
U. O. =?hqD ! 

= 
. t4€

b-v
A A

AAv:J-
a=ah v-!n$Ftr\fG
-1 3(.) 6. =() C)'i4'J) (A ) & ch \g ir.N .. -__- 6l ._ (n

.t
rJl

I

:t
q, 

I

I'r Iqjl
rJl

qJl

=l

o

t

c,
lr

€)

L)

c,

l.r lJ
O ."{

I

1..



I.r!. oE
utrli
rrvq, lrq Erh $ C+{
0, t{Ft O
lr -O (!
A/A-^r--iJ
IA=A

CF{ €Jrr C\O U ,L,' ]J i
a - il

r-{ {J I !j O
Fi ii rl F{

hAi^-r. r rv tI>\+l d (!
C, U O (JFl
> O = Or'{lrlrOlrG
-^l^L-z-t-
'AF- >+l !
3-{!0JgO?i C= O
rrgv-;r^ A rt ^ .,y3-vV-

>\

l!\o c,lnoo\l
F{\

rf
()v

I
(v)
\og\

FIO
I

t\O
chs
FJ(U

F

I

\o
g\

\c
Ifn

\o
o\I

.f
.\5
o\

o

,
TJ

3

I

\o
g\

I

c\

Fl(Ur<(Ue
€Fi€rilrdq 1 r! -a ?iE .sr<c!rit!(!0i
!l- t' !-t r. FrO
t! 9.1 F Otl 't rrr lr - f2c!! >tr(! c ooo;clnZ (!rn> oO Jeriot! (0 i ?i!J l$r! i6 _ Ei3 c (t cj9^:F !r:E 6E or.o-Cg O tIC< O r{Fi E Ol C r.''EiQ?i E9a?1 !l?'{ - C.'.oqu cD&r tir! 3O,<djE:F ?=g :i e==E
(..l!! uE! s otn-a)?i-t;_O r{ - O r{ c, qJE (6 &qoE'.i coqtq u L | ! aq-- = O tr (l) t\o (t 0060tilP?f FIV:Tl ti.u!n ! ,=oE,. oF o.i!o\ o arilz a lZ $ rr: iu= o.
E_P !_gJ >c., 5-rl.iEF:sclrFiC.-OOO
'1 I ?!e i'i o =V? ?r Etn ca a qJ

t1 trOU -ilOc) tr03 C)-CL(Jti UU: ijr! U(n A n= V e r. I

lo.if C,\o o0
chGF{ 00

t't

B
I

${g

o\ Ql
t{ (J

x.O
(Jv

1..

3
I

\O tl
o\(u
FiO

x
'cl()v

I

o\

I
o\

I
I

o\
o\

I
a
\0ls\(\ Ft\o

€\
Fl td

o
t

3

\0
Isl

\o

I

\0
o\

I
\o
\o
o\

.E
o

.lr
Or; t

-{;r-t\o
. -o\

O>l
!lr

.LE
ccnco
Evl

C ?,{ el
v-=
l= r! .,
q, '!
oa tq

o
.!.

!qJ

i{€

FqJ

fi .O
cJ(6
t.vl
o(!

I

-l

.(\l
Ov

tto\ il
o\ g'\

I
(\,1
.,g'
o\

I

o\
o\

I

\o
o\

I
${
\o

I\o
.il
€\

Ul..
(uitru
lr(!
tFl

ur>r.{ c3(E

.q
-'{lri.l

IJ

!

ta

l\O

tro!
Htr<

f.{ tl
ol)

|.-(,?q)h slvt) oo

'}l?'{ C .
F{(J r{ CI.l 14 c

lJ&J
A 

'V-9-rn !'' tn tF

F(J0\C
o\c, f\Q

lr

&JQ

Qr

t-t O(! r{) rr.r

Chr(\I
rn!

.l t.

sl ovl o
I 

=A
Llqv
Ol Fl+iJ 6 .
Adq-rV
.r IvlCal O +-r

I A t
F,{l o Eal olrl (n
ul CC lr

tt

k

x

(l

o

l. {Joi

,tr tr3(u
li (t(,3

B
o

o
li



VJil

-EI>o> .o
-{!.6 crqJri$o!,(!E. 

=Or{CO O-C
-{ t\ \0 ?iu I g\lr.lnIl

6F.^wvv-gF Cg\ O Og\ tlFi U
F{i tr - Er!qAd

O?t!.11irr(! tt(!FA_rrYgg-
i rJ (1, lrr
r.J +i Fi O OO O?Ad rrrvLOFr U U 3U (J r'{ >Tr ht/]OO0 F{(!
litrOC|.OC O.F{ O'O !

oi{cl
T.. at, c,

q.a G

HO
!.oor€
Et1
oc!

Iln
\o

lO\l r{
a

lttlFFcor\\o \o \o \0qo\c'\o\.1
ti.-- .. F{ d Fi

A. A.

Ittt
FCOFF\o \o \0 \o
€\ O\ 9\ g.\
Fi Fl !-{ E

a-
A.

I

g\

I

\0
o\

co

I

\c
g\

t

g\

I

oh

l=

€q\
= =?1
Cri O

Ulr
C3 rir

rttl(t') F rif \O\o \o \o \.og. o\ c\ c'\Fi r< Ft F,{

-aaa
tt t\vvvv

I

o\

tlco t\
I F{ -F{ Ico (!\0.!co \or\ cN.F \0s\oloto\F{ O\O O\O Fl

OFI (0tn.o( qro\
(Jqrt-{(rlF{ ()

^l .tr
.:l.t.€ljj : .t-.H c tr rr li!l **= u= t u c.)ur s u rv . lJ a.ul g gr i o.. * rE a cJ aZvl llro.rilrfiO(u
_l (r()+'r, r6qJ Ft o ;E ! c-.
=; J'a )- fii: 2= az o cqi * 9l !l = ? > iZ z o > rr cr:J ? (Jl q (6.! o O c0. Ce l! t99 _9 lf -. €JX i r e1 . O'r oZ a,ri!9l sS9l> rr O-c *o i,.r Fa -€
-l =s}..L. lr-{.C

I O = c! €t tr O O O O C)F{ C >r !n r!
:ll e ?Hr 6qn otl. . - -t) 5 q,' ;=Fl I O i f! O. nC O, !. \C - d. -i rn
L. l qn -. ? gg . u'l qJ F k o , + c Gt
:l \O qJ L. O cC ! l\J: ,\ q,, 6 ! \Ott tr,' tr
=r -_a =lQ r! tr r\- f+}- € = o3 tYl 

=.0ll 9 \g \o- co- o, - A \o

t'l
lj

o
li

(u

v:

lr &t(l}+{

trr{
rrG(J=

3

l',t



r0 -G >!!n1l-o
O\O
r.JlF{)r
tDFi(5!

.q Ui
FAd--
O F{ !O Fi c!
!oUr,l
t*r OFld=F{o>
=3utr.Air-^vrv\9t9

+{F{ Eig 
=l ?'l

rg tE Ft El r.,,s >U Or{dr!!o
a g!
!.tO.OO
U gJFlFi >O 0O() d r'{
F\VVJ9L

A. AA F ,r 
-E W- V i

oo3oso
lr

UA
.f

tr\O

(!.
!o
T{ c,l

+i l0uo0
oHc,

<o

J<C|.

uo
.;
lr'(f
rr.a (!

F{O
lrE
e, qt
zi
c)€

I

F{l

*l

rlrn !n\O \O9r o\
Fi F{

-a

locr) o\O F0o\(!
F{ !O

r (rl
q)v

t\ .E
I oTi.so

o\$l.Fl o0O
rfi 0J(.) v t.

.E

!tl
F F\::
\C\g:
o\ er; I
Fi ..4 ; .frrg. . ^O\HgUF

.F{
F
arttn |+) hcn\O \O Fl \O

r-l Fi tl (\l
tr.q..AA

vsiEr-'|

I

o\

I
\o
\0
o\

ltt.q ln CO
\O\3rqqo\s\
r..l F{ t-{

aaa
at vv

QXcO 3- !.-
AA 

'1 
+Y-

' ;l?r . .
trlfr|.eO-c .o€ c)_,{ l.ro2>!Go . . (t c =iF1 *='rrrQFAO0!r|JQLo"=rra- = eu Eool OO e r i rr aAjri(i! v) tr Fl O *-FiOhlJ

5r.-5= - 5 > 5 o - 6ln 
= 

q, o\-g F > 6|ri
CO lrFt 11 U Ff O ntr\.€Jr! ,oox ri5 Fs

IJI

vt

I

.gl
I

lel
HI

(n

g

g

k

I
F
\o

lgr
Ft

a
A,

t

\o
g\

llI\F\o \ot' o\ q\
Fi Fi

.a
A- E

I

o\

lttlJl\FI\Ct
\o \o \ogo\cr\g\(6.1tri F{ -i B A.if. r ..6s
A nr Fr(.)rJF{

3

ch

x=
t- =Fl

3 CF1

tr+iO
Er-

}\

H Cy
4F̂9t

i().8.
4 Q ! OA

-r C0 r< (,)
U E'o rr
= acJ o
-14 -i.l A >\
-_-r, --t:r\JE!.lJ

coj
O - O?i O(J
-at v-u
c!= r\ oFis U rn . C\-i
=J! !! o!

tt

0,

H!Or{
d6

I

trlr



>fc60J

(l'rJ

t{u
U?{
00

E'f
?i \O
F{ o\
CJ F{

0O r.l
Ucio>

tg r{
lJ
+l Crl

a4 Z
s>
t.!

A^A
lF{l

.qF\o.\co\qo\
Fl !, Fl

-'!' ga'd la o
>Fi (/:
vw-v>oH=i > lr
iai^- --oo o
3ou 3A tr -v-rv
-*araoEo (D.r{ O
-r-'l I .

r-r (.) o Fr

E l.a

.Fi ErJo

F'o
tr. t0

Hq,
lr ..o

EFl
oc

d
'1

I

-tO6lJ
tr€
Ol.>o

a-
!n

loto
O\O .f CJ\O 0O \O 00g\6€\qt
ri C0 Fl 00

.(\ -\O
C)v C)v

jj
g

'E 'Esl sl!.!. t Ax At\O\O\O:\O:
o\ o\ ori t g\: t t
F F;f'! F Il\arg >\O

- .€\ . ro\

I

\o
g\

trl\OFF
\O \O \O
o\ o\ g\
Fl F,{ F{

aaa
A. A A

€oa
lF{r\ q,

\OB
o\l
F,t C,

.O

I

\o
o\

I

\o
ttlrlrhrn

\O \O -'lo\ o\ o\
FFF

aaa
vvv

I(\
\c
o\

I
.{l

I

\0
g\

I

o\

tltnln
\O \Oo\ o\
F{ .- -..-.Fl

t.
oh
btl

-Y=
ti 5F{€(nc9
EOr

ci cJ

et!tE-OH*o

a

^l 
.lJ.=.l 0(. . () s l.r 'C!l ,. S & Ct C, C Ldtrl !c o Y E 00 (Jr.r

ol d o cl ru< o :"o< . r!Ul q, ^ !> Ol C Lr carU ! O.Jvl 
=jl> 

(J3 -i I u . !N tr (.) st(')
I qL= cq (J € o< lFrcl E (! gJ . aJl qJ C Fe O O r{() ,r €JOf riOr - =C el .:ts . UOlJ €J '€oFil Q lJ U O | -{ 0J rJ O }J Orl.g . Fl Ocq C ooc .J q, al (! cJ (Jt o+'{ E d3 -{ rroJl ll O cJ (J.jl !.i E-.:l 3Fi = 

(D oJ l4 
= 3'cXl=EUqjl Fi*HtltOFi

I O C O 6 ul O a O= O O C) u <)-
-l O qJ 

= c) -? Ot C !- O A O >> \C o c) 
=6l co>6-1 Ol r\-1 Lnc.tn-\o

lrl -rou c3 . 3l $t . €o. .fa. (n€ ot,l N j: C Fl lr Oa L. O tr \O (! lr F lr !n lr <CI \g (!EJ O = 
(\t g rn C N= C \fca .r C(J

-qi | \C -l tn O\ r-t F{ O(.)l C Ft -l O -'i Fi -

(J

!.
tr{

x

IJ

o

LTJ
q,l F{

trlr

t{€(,3

>

t.



.9?
dz

orEh
=t-{.€Or{:(!tr>
Fi6r.r Itr co\O O.e
U!i9\

tru.
S tl Fi

O..q>+{ |
F{ U9\
i (UF{(! tro\
Q gt-{

lr
o

q,

ti

.>l

oo!lrtr

x3iz
(! >\

>,2 r!

ri >(r?
1t|r .(,.400(!Ee
G&Ja(

l'. o
F{ rl l:

?i!<
0O 6-

O'lr
(!r{ O
E UO+l qJ

q)ln
OF.

(! >\

rtO

tt r-t CO
AFi F+t oo\O OFI
lr -O

-6?i

J

?t=eo

r!G

Fcl

E/

IJ

o
!.

I

c\

-F -* .*
CJ&JU8

A .l.X .!.: lt\0\o:\o:\ox
O\C\=lq\:tO\:lFi -;\O -;\O r{ XF!>\g ,\o.€\ . .o\ ^ .o\
A C.(JJ O.Q-,r Or()J

I

o\

I

\o
o\

I

o\\0
g-\

I

o\
9\

o>

3=
Lr 

=Ft
Eg\

cd(,

€l-
a!

o LJ'
tiG

o
lJ \O
rd 0.\
>F{

F{ CO Fl
t:l F \c

co o\
O F{ F.i

(t-
F:Hg;1

\otl.f Ln

9r O\

v-.-1.f) O\ t-{ O\ln tn r-'i \O .i'
I 

' 
| (16 | |

CO CO t/1 : Fi @ \O.Ctn\O C fi \O
O\0.\o\. - O\ I O\F{ Ff F{ < ,}4 Fl rn r{

A\O
O -grCJ i.,l Ar () F{ ()

I

cnl
\9

-o\
(J F{

Zlr..e
lr&.0().-€)lr C +'{ ,,1/o(Ji(!r!
.i/ O 3 rJ F: tZOH O F tr O

-.u-=OO-
= c.> uZ r.J Ol

bo (! az = 6llti qJ !J OE lr 6EA- g). tdQ CJF:txtc) !{ oa o o c) !OCa uii:l O& O q,
rn €. f) (\ !J
O\.\:'.€n.NF\OlJ.+li.ftr.6lr
Fi € .\ 

= N tr .qL)

lr

tr lc
oFr

O.
>u-v

olo
\gFi >Fi(1(!.q.n 

=

lJ

cr: H

Fi:

O!i

Fg

tr

FT (J

3

li l.t
Q ;i



J'
OG!.4
eql

q{€

F.o

EA

I

''l
I

lrotl
a\o

o\
C-lri

.e.
6lIlx

\o :'l
I O\: I Irn -l Xrn\o P\o

(t\ . - O',F{ ni (JF{

-g
t

vlo
E3

I

\9
o\

.q

tl(\l .'f
F{ \o
o\lo\F{ tn ri

\0.o\
()FI A

a

F-
rd
araVH> J< lritr(J

-a. g I o<
= c !3
-J-Alco ?.: !.iIE
E. o =A? Z't-t< <tg
^ 

F Fa= N
o=o=o.lJlJ o o . 6E
-1= (+l 

='':4 
|r1

f.t 6-\F x F .
airl+.t=drJ'!

'l

I

oq
0Jl

-l
rl
ot

I

\o
g'\

\o

tJ !r
ii ?.

L3

o>

.,:t E
li 

= 
F.t

Cr{ O

'

tl

ta

trt
!(t
C,3

A1



=F;'aI-=ce
o E 6= o 'q- J -€ !- O C C 6 6t a€FF'6 906 n3 €r- o.Eq, e c aqje €- jjo
'! >6dlr O !; C, O . 6 .if

== u >= 6 ! 0, c,9)F ct 
= 

C'! '- - - {J'; C - a g -O o !q rq O lg-€ € (J- OrO O el- c la e;cd ! d O - L i ql- xc,...'€o.o6 _go!et.=t J-r ij
or,oo -sb :"o F3= ;53 ??-J e O C 

= 
!4- . a ;c€ ! 6 Q Ecosgq.l xOd ;;q= -.iEe,o 6€L t; qj*a -a

= !n cJ o c'.- q, ! a q,J gr ! (I,?(.jr s LF.-e !9-o€E OdOr 5!t_!r!d6.0F eOEol*5.y i-c -6
- --'-: =e- 2:-?-=a a1J :--) 

=- =!:- -a=E+:i ic= of
= = --;3-ij ?. j,; 

= = t --;2 € -: c3?crx:-€ j=;.c6;i dl= 5sz, u t.l oe oJ =b s€:,n ao E\o < -E -;

OL

t.. Ctr5E<
L-1)

l* gi=
C'9

===O 5+

Eoql
='-cO Ot.F

Fg
6O
(l,(,)|i
> O|,

+JEq, 6c3

=- 
tU

'g (t
E F >'!tC- O (u

'! =Ca 
N

6C>o
L('

DC

=-
=Juo

6tt
a,(l,

=p=

ott

F=

(u

Or,

t€U
eF >ors E S€-ds!. ILc: +6 t c, LI €JO ?!O!

== > = oC | | c)-€rE =t4',t 6 0
= t-=d t.ga.c.c Gr 13 (tJ

Fd C lpd 6-d C r'Og
€ rtt 

= 
- 6 Fg:)+ €q ! O- L 6

E -^A€ edoJ=E F >ro > () 6t 'E 
ga |€oroL qt tgc, 

=>oo 
Fc,=J

_ C L 6€ F Od
O 

= = 
6 

= 
O;.F L

= <6€+ lJ+r30

t- .€

+ro
o>
o6
|!>
,E :'
A6

o€ l,
6(j>

>c Id9GJ

s:ot
600

=uc.

s=|!0

€4J€e e
Od
6+ (u

t!O
C!+J

,6

E r!/,

=

(u

r€

l!

'E!

6
Lt,{rcst!
60!.,
c,-e
'!L6b3c,

'€(I,t-6(l,F € €LE q,F
(I:n0

9grt!>vr L -a

oqJ

=F.E

.(u
O, rJ

(uo
>q,+Ci
v,

=q
X rrt

OQ
>(u

O1

3

J&
B=

J&

==
I .c
9 UIC'

- o's q, tri! dO6YF
! € {J GtE .
o C,>!+J (J lo.-=d F 0J€ I 

= 
6dE L

.-€F (, €g sytt.o,tc
€ cJ L' c,<(tse(.5 Cu O U l:Fc € o osO .e Le? 6q, L '€ CsFe ! €€+ 'g L

e € l-6
n 6F$ ero r€ € o= <
= 

€ U CCtF
= OIF= g
= 

0J€ELl+
C'F q, 

- 4l
0 o 6-Cr! C L

=

(u

6tE

€€
09 6t
S- 

=-C'L -L
'rnO- O'

=F

5O

qr>

90t

i o'-
.-Orr
O5 (d

I

I

CL '€6tG gr
F=>(r A,- u
6CJtcf =

(t

L=

=F

N

G'Itt c')

L

=6

(u0J
40i:> 'r,

l.Jl(J

ler| /-\l-
i
I



!q;;
E qJ >6

= e = >o 5 n e_
^ . E. ! 

'?tl?eiE! 
S; ;3,-:,/r.L 9.. e - Eo-e rs;.- r_c€ 'E ::l'iS c;-t u- - fF=.o...:a q I ?9 >!; € €r g*J o ;;a

Vz=Q:E :::! E E'! a= b E ; s=l.s
9 E ? = = = c- = O- g-!al 

= 
9 =r= =-=s o-- QJ L O 6 LErc. o6€E -5{'=>:i> .E'=-

,c 9'f- 6 > 
= > = 4 ?--i€ i:ro t-! ct€EEEii lE=FE "iF ",-: E* :E'bE6 O-eq - ?r-; a O C, ruF e.,6e>=51 q';;E='=E==I z ie-5-o3---:->;t;.'5iqei;ud 6 r_Ero

=3:;EsEa:S,=:F.: 3= i = ar;6i
o€ Lo.-=.-6ah-93?-. E iE:is L EiJ- '€! O aod a dsi r - 

=^:;^-o^99 
Li 6God

s a 3!; E a! 5=€€SSOFE a 5:5f

=6

=€gEL

9=
C+e

!F C
rg(u (u.i<q> (Joqr€6

=Cgrdc, O c*

c 4t€Jod: rJ(Jnuit

cl!oe
rr El
q., (l,

':0!
u|lt
y|qt
dO.

e9
:L
NQJ
qr('
e=
tq

c)c,
doE- 4

u (u9
OLA

-O vl
IL€E
{/) rg C

=E€.O€<s oa =-

|q

o('
6(l>:g

th(l.}

=

!!9 r€9
3 G 3+(i:'it | 

-

(J+ O

E lo g:cq,lr €S? gu o-o o
!(J'€OqJ oJd >
c,Li5q,
= 

qE-

\Lo ; eE':J ojqi -6u1 tQ () 
=g C- b 

=__. - i, 6CZ,+=
=>-+_3-! =lEa'd!riE<E.soE -:S;
.c;= { q:e q e)i- dsF_.tJro€< o-g- c

= 
> r 6=- 

=r= 
qrd

9 ?:.. Or@ 6 F -OA--i.c=.csLL L>--L€ 6D = O g O I o- ^ -
= =.a *-;;.! ;- .-G

66-
?:ir:--. icjdo=
=-=_ ? -e ;-i5
l!r: 6== o a c ioJ v r v 9u E 

-s 
3J-

S E; -5 F 8: E;.=Eq_q9s6t-o= oogOdg.l(J+o:!=c' 
=4€!a

l;.-

N

r5O
!

og)

3

I

E5 A

rh3,!

O'E
Q6
C+E

Q E-6OO
€(J>

L=
6O

c)oot
= 

!==

(tr < r-o vro
o>e>L= d
'C f L+
)r Op .

.C 6|h.! >)

€ 31== 6

=! "* -Curi q;

-(JCLcE O.'! 6
U(,>9

!=+= 6
C.J ,:L
6S 

=9 €
= O<(,)Z

v1 J
oo
€t
vz

6

=2

c,

a,

:l
z=

OL

3 q.,

:.- ('rlFEc
L-tt
s ol:c9

O t'*
e4Q,
o{Q6

c .(u
fi'!(J

sO

-=

!

1

)

)
:

ol

€,E

C*

6tE
(un>(t

,q
3

o.
r€ QJeE€(uEgr

6(u€

J

o

-
=

c'

v,

=
J

36'E
tt !

'lt CFe !J Grt
!c I O q,,'

ot I
=s 

L €

=
cr.9-

Od o

oor>

>ao rJ
€g0J

=
+)35

=6o.

3

G

4O
6c€

'! >:
-g 6r!+
L' c.oo€

6(

sc

q,>

L
PQ)

I O.-
6L>
Os d

I

c,,

o1L€

pO
aJ>
- J2,

(J>

'€>

-o

-r-'



E
=cJ 

o
Cl e rEp (J o.€
a- 3 EL (t,'OeF
!- 6F ga,
q, 

=q,eJ o > 0)
q2 +

::d
LO€€O
CrF ,o l-
!e'o c.-u og6 a,r= €
CFCrO€
OF qreO!
(JO ! c'(., . u L+
'o o o crFF'€c)FEC-
:d9-9 EO €F O '! €
L)'E tnI L 6

-?s clg - .=o (ur= d
d €F g c 6 gt'€d e;€E a, cc .58 ::F-g EESi a ;.9 _,i;a _f !>l _0- € ;0 c6eas e;€!: ; afr e. A: s-=.EE E::'- -qj63 6: == ; :Fk 1croJ 6F=o ?a 6c t,EA; 6i_'3 3ff= i! ig aE:i.i E
-6Lb orq| 6 +-Loire

=9-C 6b' C 5- r.r5i!=: :s;; !eD :? ip,!sF 9sFl:? e*€! eE 1; a-'5; E:iE:{!;Ei-i: s.€n:I!, :?ni,:a E;=: E- E; ;;=n4: :;
J le5 3:3-3 8* i-= E 33iS: 5=

c)

l.- (n

L-T?
5 tt3

=9rec
o >.F

e6qJ
o6d

qrEL
f:€UEal=

, 6t
6=
L
eel
x!,
OFc'>6 C+

!9 (lJ+
o g!>

C O tE+
o Lug FO{t4 €.9Le c0J oo3g>o
o o >cz, vral

qJ

6

L

q,

qo.c
u {t! -2e? - €?
+rF pp

= 
4> 6.(t

Gt {J is l!, =

= 66 +, i-
rg €J c.,

6X O€gt u e €
o '! |!=

tltt -6 ge .nQt
cJ r, crE
u 

= O 6 >F+: +rd !e L.!O
C: der+. q, n-t/l € €s 4 rE L

L

egl
lgo rL
EF o!-o
0L q,
ts't 6c> :+l:
!tr
C? 5

=6o€4 (J
L.€ d o,

JF O n.Q
(J'EO, e

co(JL ==
siqrl

€Jl

ul
r! I rtt
vt =
=l lErl 5
tl 

'Eol
v'tl

6

rl'L
6C>C

-peB
!66

q'-

G

I

I
cd

I

;
I
I

1

Lv1 :
c,l! 5E(n C -€> I (,ooEJ
=-3 5 *E
cnL(r€€ o ogrlqr c co
=€5- O ot-CrE '€ Z Z. A.

!(u
org -Fe 

=-tJ1 
. Oo€c

L)eJ
.6(, G'E Og9 cq1 e= o

Or-

cJ>
-!JI 9-g-€|qg €=

E a-
O -qu '(J:

Gt Oe?-!
=SF
u(t6

- -<tr a

IE

oJ=>o
6Z
>rO

E.. =qtu o6QJ6 C
=Fe a(JL
eqrq g

-. ..(J

LC
'>tgLO o

or
L!!

po
qJ>

F-O

O j Ll
QaJogr>

a-P
>1 O U!9QJ

!:gr

=4c.

O',

(t>

O6

€qE r! C,l

€r-
AL . E
! s (.,i1

e6|!o

--= a, 'OFOSs
>qJ G
o 3 g'o 6

OFEo+ 
= C

= 'qe O tt'

'rt €? E
0r! cL@-,
O €? ut-
='rt (J:3

G'€€c-€q.E EF >, ill

=- 
a caJ- O.= € u€ U =+ e

drce€
GOC€ d

!F rl' tt
>lq o oet-(J I

-O CJ

-d 3 6 L
'E UJ € a
9-tttL !

-f 
(J

=OrEC 
u(5(JEE

rrg

goqJ
O!- CF 

=, l'ir 6- ogf :1 i
iE; r '
06> q,
S gF c

-(J= Z

6

-g.P

'l'€trr

=o

6CD

€
€I€a

i(J
>+Ltth a.
e-c 

=9-

4F L
a=
I-rs
r€ C-+- ===! qJ=
09 6-(J6 

=6

t!O

L
15

3
= 

tt,
:

)v,

q

-=:-
: e.; o\

,a

:..
\-J

L

=

I
J

LO.
Ot

I(uo
rE 'it
ttl 

=

9€c
6 u oi-1:' T 6.0

Ca - '€ >6
= o-Fc
. o 

=Lc)O €F
O t (JF-):'q, piJ=
o q ('F g

= o l€ o? Ot-(JI ! >,€
:F |o qJ +grtsuoc

6-+tJ Cn3o 
= 

F 6J+a aa -=o 
= 

lEi
O O 6e Lz = =oa-

I

CJ

=-
rFO

cr>r

!Q.,

LO-

6L:
.-O!
OE {4



I

o

-

€

lt (tr!

9r- E.g cl, o
orE 6
Eon€6qr= !l'
o=
n qr(.:l

' -C
€6:
E-t*

arO

€+

E=
6c

9€

5d

o.9u9 o
, (')cF

OOe
F+oo€ uq,€ 

'aCne C C,
-(9O-.F c'IF (J

€ oJd EtJ>rs(l,
c E=E?
= ocoO - €rts L

J I -F.=
t6!/| !o =- o o

= 
F'O.

o - O >r>tz. (J o+r-o

igO

=€

-

(J

€

L

c-
'€l F

I

tE

t
L

=

c,

(t

ltt

I

501
orL

(t>
FO

ElI

=>('/)o

O€ 6
nqr>

>o I
4(Jq,

ptot

=oo.

o

G'

(t6

6,

=
o

o
=

J

€(,
,E! . O€ ca3
'o=o -a3 0(.) >!t-l^ c,! .=rr-xe (J
9 rlrO L

-.a = s-=
O rao . Ouo0r6 g

rF6FJ

s q, c.c (u
t!5 L C) CeF:= Os/t 1/l Q.a z

=

(u

Se

L

!JcJ
ocD

G

I

Ot

=F?.o
(U9
Cu

6C

-=

(t

o

3

I
B

l€

x

J

L

€

L

tE6.cEc,s-=
'Ee 3

o>

€ ce
L-.o,5l!3

Lc

6qrL
=o€l

=
6
L

i€-
o qJ qo
+- {JEgc, 

=sd NO-> C3q q 
- C)6- =

== 
L 6eI qr!3 c, oOL-lCL+)s 6 lJ €€ C,CCJ> i! q,i- (J

+F= L= C-(lJ +
u 

= €c'o, rL.3:9 E, -Cc 
= 

6 (J6,r (u? (J

= c > cJ
9r4 6J O- GJ- u 1EqO9r eF'it€! n-
I ; 

= CJ= o o c, FlI L O ql 6J > C. g O6 c|5 4 €F 0J 0J O L
cCso 

=53oL 
Z,A-

0v1 \4s --3 ; ?
. g5 (, i! L e !
2_ OO d 

-=a € -.C:? -\r 
g . .jt - O n C

-= JE: '€EOt€b4u- € -€o do=:o6JC5 s+ar_ !s o L=o; aoo er.e
= = Qr o .- 9 C L) €d - € -6F O I 6 {6 q- A, t !J L rr C - O€qo :OtF> 

=!.o 
OCr-C ;a

- 
>- 

= C 4 i - 3 Crsr 6; -
= 

L qJ.-trq, OF!-5'!od :xtrtq !r-2e >uFOqr=='€ Le)
- = =t 

e = : : E - r=.: - 
=96 

=.- 
o L o)'; o c, ! - o.r C -: 

=,:O(JOo -AJC >5- X=6dG €e
!-9> c.F!- cF.€ -; o cq.5 OrOe € 6! O 3) 6 q, iU i C.r O
-.=+q € €0,CJiLC -isl _=d;6;OU (U-e
I =tq,|5 ! Ai O 3 O ,€ o AJr 

=; = > |!c-= E=LrJ: |5.3=oh--19 =CE- 6== :F I L n 
= 

qJ d > (l, - r L i
: '9 E b 6 '€rt Ir O L 'irF 9F e gOqrr=q c olsu s--i_ €-|ts
.q g g L 'L o cs r- c c = o 9.F o| o o =L,.3€e E9O|g a.6-+r,!e.- Oe'-

o

f .- dlsEc
L -'O
L 9r::

€s
-e-O 2'e

fE6O

crF!
36u
o rt,F

=
x
CJ

z

=

€

€

L
c,

r€

=
a,

c,

o

B

J
=

I

9r
LG

+lO
er >tF-a
Ooc)>
ct>

O6

!E

l)

=-
so
q, ).
6E

LscJ

|-O.-
4L3
'- O!
Og d

L

L

(u

lq

nt

-



-o5

-3

=>6u€,c>
=*-Lu(J
Ol- €,o'tL rn^6
A'rtO

ta.g
-:!€ '! ogC: E 3 €* ;99e = 6 crFtu -i c5 r- q sL 6 6 

= 
- ; ! 

=..,, ! 
= - O.. rr5 - s € Gr.g L 6b c ! J S - -E el ,e

_a? c 
=cj,€c 

Ei= sij=
= - 9= O (JJe x 

= = 
O rE>)!-= e:-o - et-a --irgctd -_- - sO Cr 6 C, Ca =- E 5_*o o- -cJ i*g dod,_E-!+ € L .3 r!F-*: '.,,.o=j F€i ;;-3='

=a 4 9 i3.6 6 
= 'qg L - - o F q,

?"= 
= 

p 6 
=-E 

qrob L qJ . €=96:+ : l!,s(J> OJc ar6r=6:" e.? O q, I > - ! - =5:-'-l clq>-.!i €€?- cl! a>o d€E--_ - a,gr oeO)r+41 p'(lje - 6'-=-
=cj5.: ' F-ci= e,-tcJ Oia6>:.1tr-. =dag,o> io-i= f,-ijs-qqre, 66 

=-e 
-ae- E -6{=iflF3 bsit_P; !!EP !39.-E

l9I O OJ4d= t- =--i.- =J --!3qO L>Jx>g OLjcJ 5,-sooS*sr c- or o qr= c. a OE]- ,J a--.-

. ajq,
i=r Eii.r534tcl

rc=o

o+(u_ e
:s € €
*0J 6
- F qJ:3
CFJ
O O '!s(J 9e I

OL

=.- O!5',: c
L-t!
5 dr5

€5

O 3'r
eo (u
€lE(^
'!'o

!i-o (t.-

aJtll E t6

.BLtrl)s
3 b= 35E= 5
o 6o a,gl-(u czEC €

=
x

z

IE

\o
JF

--E
to rh ar-(u= > a6 itlo€. c9.?6C 

=(l,95O L 
=t .- €a 
=o.-e c -q g 6d 'tr cl. I t (JD x€- !- cJ cJ c

- = o --= r; i,b €F Cq= c d O= -< L'- ut (JCr Z.

c,
b€
o L

!o
I
cJ >)
?,.4
O0a>
€>

(u

tE

4=
.ltt/t
t€
rE>
tA ao

(u q,'> LTJo=o
rO!

Ee'€
| 

= -6_= 0J € (U L' uE; 'i.=3 i, ;4l- + €, €

= oo-= E =F.! sR!-(J o oar4o_ €.e,n E -3:-E =cIS o ?
9+4- FotE 

=..- 55- 
= O- Gr >€ c C5 (t!,a cd G Ono= oL ol ! =9 .+i *oora. -l€ q,,

0E=€ =a5ils : 
=4 9- = = i r r- o q 
=io+ =E!! s :E?58 Es Es2Z H? gg E:.5 t€ g_s

6

g

t
16

q,

I

.E7

=
g
cJ

€ct
('Cl
a>

rt .!t+r=Lrg

q,L('

3>e
05F

J=O

ooo

I
:,

oL 9u
F(,

9€ E-,6 l, O+N € O'€+L |')€
-ct 

g
'!= L t6
= 9 o{4,o5

-3 rb
5o .lt oO- cJL5 Iir-E -3
o €J oJtibLvt .o6
!o- -\6J J 

-669q?O
!! O+ 

=;

6E
=L

=

€qJ

'E

O! n
ocJ>
A-g
>1 O |J
J(J9

PE

!3CJ

IEclr a,tr-

Crb€ crs
6Gt go o€
(JcJ5€
qJ I o|-Ot+ >€

t6=
+r>€)O
!cxgtlt 

= e)?

q,o
E+
O'E

N

'€ t'r+,L,tt O
L

ocD

so
OL
ar>
61

L
9G'

L O..
6t=r-og
OE d

x
q,

'Ell,
!'!
AU'
:6
e> 0JGi5*
Lcr
c=o
OF 9l

6O-
Ee,6

tF E!
=- o
()€

€pu€9r

=o..OhF6
- L u6O = -6 C
i .c Otr€ 6 

=€ c otoQ 
- 

+ gr
L5 cq.,Fb C O> u O_

- - 6- C q, 
'EgO o6 o

C= '- .6 C o€ O 6F.c
r d s €, L5 

=-o L C=€?.t !'3 +t (U =< 'r5 CJ = =! 
>

! > d- OF- O
=tg =rr93g 2

J

9r

('

=6

J€L
tt

><

3
=+r2 ---re-



o(u
Crd=L

b:€i'bb'cgt!60

se-E. =.; ; o,>o 
= = o 6J -c s q, € c i r.r'or .:;e":5 :.9- . 6":E5i5 A"A3 :;i: "3"3=t'riE'E E:;e E€8E33r e cJ ? i CJ t-.- L:gt- U 9

= =: - = =r O= C, 5r- O3;":'45 ei.:3 P9?..3cr>4=3oi i,Jq- a ;6=s
Er;a=$ oE= l!ilr-
;e:?e;, i=ri 3!.3:F=
cr?9?c,@ -=oE :;=:=3
: = a, 

=.- 9J !c'd G, s L €= 6:>'!'?oEi c CL criEc=g5€3H; 3:3€ 36839fl

I

LCJ

O.F'

=365

=L

€
L
oi

ET

x
C, c'r.6 0J

=i.=E; = =- o- () o |.e=3,=o.0r dcr =E ao coqJ€C,r=L O(J36t-Utc\- L)

v1

.
tr1

G

eo>
5Eg

6ec

>po
go€

o.P6 (u+(u ('t
COr €L trioc =taO gE € F L|

E '€-€'(, (J . Lesd qJ . 6 .!t 6L (t oJ 6--
O= vr 0, € q, s Le L(J> CCt
-== €- q', ores9: gDF E u
Q OaO :€
= 

6F-F= U L
| = 

(.l O(,':' O '!+ O qE E.€
- 

J - C $- I+COdl-O .r'
eFe L o-

9F gTEF 9Fo ccooc o44OOLOO .=,6

gt=
>.€ 6

cr |Je6Oe
=- -

E 6- {j

5! L J
€ Q' Of

L
q,
>a

E C-

0J -c.,6O(t
te€,o

96q,

F P,9
ri E!
rC€

t

l-€q>=
=s €
u:gt
q,(J L

?o

rd- O
€.o

thC
Fc

60L

o>
tt)

q, Fc

= '-s>= oe oq,CtrJ r,
L6 .>\9Q,
.>\99>

=F 
cF-

€- O L!
L:3! (J
Crb Ct 6 qJ
O O qJ-"',
L L i--.a
a€b o

-.- Oiq-i:c

LFtt
E (t:

3s

O l-
90eJ
664

=o(JEL=o cr-

(U

0J6
diE
oc

-ECrO|l's9€tsE c6e B€€u OSE- eotJ(UF Oe (D- o
'€>O Ce(uo oVr- g, Z,

=
J

=

=
ur (u

.lt I

r'o
?=50

0) -qJac-sr ==
=x 

6

51AQ) a-
6d

Es=S z E :r F E
=.:9 

'C = a !
=_ i ci < € - .'-== C (Jd Cj 6p d

- € er- O E =r- .
"iRF::F i oo.s =

=-:?551 
3 -!* 3

= ou- C 0J tJ = > a
- =J L L O O L' ao> q=o 

-i.c:>3-q,<S 6 pe 6
-= OJ O Ct 5 O?F 9 9 6 cr t.le - -

- q ! 9r . L c ,; -€ 3 C €= oJ G = i-= €t 9€ L<F = -*-= i
v 

= 
(J- (J

-F1>qA oorcr€ceo<6 o .. -cL- c< a = A= 6 Z, - rn a,J Z,

€(4
J€,
itt o

ra:

aJc
.(r, 

=d5' i i
-.9 : r
9E!or(t,
'oL C -eo o oua, z, z,

-
5E = =dqJ o o6bd-

Fd
sta t o
6
95 g q
oO

(J(J
L6 C' 6JoF +E 3=hon€46

!- €J trr tu OrqJd aO =O6 C= cl 1- O q-€€r z+ z.=

)

)

a-

)
)
7

O! 6
4CJ>
3.F J>o (,)
€9Ci

s:ai1

=6a

Es

-g

-
=

(uri c,
rE g/t >\

d=

>Ce56€ .o.sl=
=6 

6
c, L= q,
e Ct Cr+

=+ 
L =- = OeJ ts 6

h

3'e

!L

L

qrd
CtF

t6

I
LE
o+

qc

o
6

bo

er\6E
L

90)

L O.-e'o

'-OeOs o

€x

|q
#
&

=A
€9

=xo
O6

o

x

=

u

qJ

Lr!
L

+fO
cr>FJ3
Oau>
r€>

C6



.nt'3
96t'!rcr:
E El- '!- ?q lo oe -!i.: +e_83 g5 :- ",;= 9e9-o -
=-.,=E-=i-531 g: -E;F-=-F:j= .-F.- ;i E=E,:-?.=- ! q € ?! +L5 ! 6 d__dEi=3!, -;:=3.*= €= - t==: -s!=E€::-==F ':= iE.-=s*6i6a- -;; :-., =!n:!r b;i:E:;;-il E;= iti>qotr-s>qraLr=l= :=; =:3

==:EyrEE6i.iqB 
;Eg E=E

=;!ilEi€E5s:: 
sAr 

=F::===-+---E;7-L c€i o6_iqEFEtiB;qt3o =_g 
;i'E

>d=-i-€uo=r-3-aJ -aE <Au

c,

IE

=

5.- orsEc

's 9t:
CIF

Fe-
O =.-
t6e,)

O,'EL
=€uELc
O O)F

r|h .l'

Fltt €€-
L€

-=E
+Eh E€ crE ouE=
CrFe d
-E 6 €EfrE E3I L otfrE(u (bq
6 Cd C '6FG'tF.=

-iJt)1-, oH;9 E g
:tlb6 v1 =

.o'....
(l)=

FCO

- 
6E

crug,o- = n

d0t€€
'E€ d

LFE
E= o=

t/l o 6=

= 
rq)

I h 33 b
- = - r- 

=*fi:l= c-:iEg{E E: €E:83E'fi!;!;:E;€:i Ei _=-rErp
;2=-':EP3=go 's€ oEg..;=*
t a,=€!-qE.i<. -g :.F>.9+. .-:= _?,:-q_a- r4 dr,ri-'=5
=-5=-5iU5;.'*" 

J+ r€o5eto;s=tri=*E;Is= :E :;-Er-E;;i;,,:s-;- .5 lr E5' 5f= -..E;:rEiiield=3= :3: E;3;tE:
= a FE;E b:; s!E: : a: o 

= 
>$E c' 3

!E€;E g:I !E? 3e ;:; E FF€ A+:
=lar1tl!. rrqJL6
Ep =OG

-B
clo ta0rrr c,
! €-€ !el 9 (J 

='€L J(:r'!t € td
+P 6 L3:9 ,PE-=(/r-! !s'o q, ot

=6A =c

o J>l
!4 0 c,o E E=*5 ;

- -- C 6 C.ifF (DqF 4t cJ L-q =e L o c, oE
-- C o 6 :65 

=a- L 5 gr E -= crE -E]3E'4qo cc+68-gll9 €cJL€ r!
= = 

r t'!6 gd
?_.4. !o3oo=e - 

qJF Oq 6 1c, L-s =='-= l a-a= = =-€Lrc-arog: ii .j-ijqi9 >sr.eoF€-€! L (/l c>;3Eg Si=3s5

==

-9

+
5b

F(J(J
o, c'J|

q0

6 .J,
dL.C
(, €o(Jq, Gtg 

-6- 
6l- N?- o-e 3:: iLE*: 39.€

- O CJ O . L I (UF
>-p- \ 'r' OF
O!-?d-F L a 6h Ct'F €F 6 € qr(J

(J 6Z 6 <-C L)q, 
= 

4 J O U Op
6= qJ o CF L 6q[,9 = cs o eeJ (JF € og 66c. c Fd€ ' 6 rrr€Oe6dtLg=c,(J
€ qJ- O OF 6 oE L-O-a L;=

6-F+= O:6o
CJ € X.-+ u L !- O><+ CJ 

= 
>: ec,Z

-
J

=

(lJ

Lt€

+JO
IqJ>

Oou>
rE>

Ast

ct q,

-=
O€o
40,)>

\o u
!()q,

!=

!tor

=40.
6

si

i-

q]

=
J

,E

so
cr>
6 -Q,

'b O-
!'o
fl-5

..O!
CE a

o;t
=

(t

6

crl
pl
cl 6
Ll c

CJI L
=t

u



E6

be ;E: =;.:i..;1 1 *i = 99=_ggfrE:; i=*==* e:.;;=:Ai35i i-=SiEi lE;F';I;i;o is rq -; ^E3E 6€; !.9€ --g-
E€: .:.=;=;- zP=---,6seoiz=r !a;::i := =:=i=E?)*-i P'=:EEE e-if.>-.E::E:E =;i!= 9 =EE€=9= i6- q g E u c*

='f:! "";=E= E€gE:!b:!fi h.E a :_s; s; i ; 3.8 3 EEiS:

OL

to,

5 o1 :
c-

o :.-
d6c,
6€4

F4Ju
='-.

^,]I
;

I

I

B

J

-
:
o

=

3

J
at

=

E=o: c 'c>rE =3 3Sg;i ;a !=:;
L;Eet 

=.-u 
6s=geI SdgE !

E=;"::s E!JE €igqE*€ =iFE E
= = 

i La G-; O 
=

g o ! 6- 'J J- =E=:frS-=, E5:o 6;-;5a:' f.s; E
.U F.E EE€ EE =: ;Z, t= 6 

=2 O. ,rr ..tE-.- Z

'E 
qJ

O!6
6C"!>
eFs
>Ot

=4a

=
=-nqa
ocruc5>g-
6 g (tC
e=rqJ

$='5
-L 16 (u

'L 91=
(,'|dE (,
f 4t C-g1t €5
(t,cra(J
E OqJ O
=>Fe.
=-+'t/,

sc
e6C,
6Eo
o, €F
= cre
9L?
{',!!
L6e

9-'

xdlrE

G'

,/l
Lo=\tsO

o€
3-€4 va
t 

=t/1

=15 
It

oo
=-

=n qJ

65

uJ g (I)

- 
!-F= C ur!- 9 6O+ed3t- 

-(Jt5|aJ.F qJ'5 . (!,(ts 6
o cF 6 49 C'(J OJ € (I'F
C! €-.6 :5

(U L 
= Lr96t- Os O vtCds ns C

S == "=€ 3! L QJI (UdF
rECt4dt6€c')
ed:F 3 

= 
9l6trLo

OrO= € Op>C 6- 9g
0J O- (J € CLY-< rr5E.F O

=

q,

=E'6
=Js
Aa

ez
U-(

- 3{

6 ra', c

t-

=

r(J
L
q

OFcS

€o

cJ>

!ol

L O.-
dI-5
'? Crr
Os rt

(U

I

(u

l-t!

!o
UqJ>

Oq

€>

-d

ol

=

ot
c,

Q



gATtt May 19,
RCFLY ?OaTTNoF: Regj'onal

lulrEqi: PROGMI.IS

1QRl

Hydrologi.sr, NR

AIID PLAtTS--Hydrolo gic

UI\I I gIJ JIAI E5 SUVLHNMTNi

February 25, 1981, meuoranduu on
requested, are iadividual District

Regi.onal Sraff follow.

Eieseeker

RECEIVED

litAY 1 g tggl

Surface lYater Branch

Actachment

rnerncro.ndun'L

Beochmark Basin prograu

To: Sraaley Sauer, Surface Water Braach, Restoo, VA

This meuoraadr.:a is in reply to your
Ehe same subject. Iocluded, as you
respotrses. Summar7 remerks by the

1' It j's appareat frors Districc respoases that the Hydrologic BenchmarkBas{a Progrem is useful nov and will becoae increasiogly importaarla che future.

2' An assessoeot of the aetwork ls aecessary to evaluate stat,i.oa discri-butioa, optiual rengch of record at statioos, saoplfag frequeocy ofeoustitueats, and the relationships of the stations'tJ other par'r,ecersof the basias that they are mo irori.ng. (sge suggestion by Don vaupel,New Jersey) ' ro particular, the schedule of 
"on=iiru"ncs can probablybe aodified to reduce collecti.on of soo" i"otg;;i"-""""attuents frounonthly to quarterly analysis. Dena,is we:rtz, lli.scoosiu, is preseotlyevaluariag Hydror.ogic Beacbmark d,asa rro, .ri .;;;1;;;: A sr:ornary orpEogless rePort of his work should be included in the ad hoc Con,nitteerev'iew.

3' An assessDeat of the efiects of laad use, or chaugiog land uses, on thequal5'ty of the rrater 1a each beachmark basia shourd be oade.

op?loNAL foitM NO. to
(REV. r-.0)
63A FPMR (rr CfFr) l0r-t l.t
lotot ra



UNITED STATES GOVERNMENT

PAT1E:

IIEPLY TO
ATTH OT:

guarEqr.

?or

AgxLL 22, 1981

Regional Hydrologlst, IfR.D, SR

Ilydrologic Benchmark Basln prograo

itve
meriLcrondun't

Staa Sauer, Surface Water Branch, Restoa, Va.
lfs 4L5

ra reply to your aeno of February 25, 1981, same subject, you willflod attached responses from six SR districes. We believe the general
coaseasus cf the districts is to contiaue the progran at its presenclevel if ar all posslble. A couple of districts suggest a rotacing
type of operation lf additional fuods are not avajLable to continuethe fu11 operatioo of che statiou,s. This nay have merir. As you willaote ln Ehe oe'mos there have been several instaoces of using the data
evea though not ouch has beecr done tosard tread aualysis. in" kckof trend analyses is aot disturbi.ng, because i.o our tpinioa useful trendaaalyses will require ouch longer records than presently available atoost of the stations. rt ls for this reason we shoul<i oake evaryeffort to continue the stations indefinitely. This is without quesEi.c4 oneof our oost valuable daE,a collectioa efforti, and the value l7iLl become
Dore aad more aPPareot as tise progresses. As mau contiaues to d.isturbnatural runoff Processes there will be less aad less iaforaation to pro-vlde a base of cooparisoa. The HBM progreo wi.ll fill at leasr a parl ofthac need. At che preseot ti.oe !/e c:n probably make sooe prelimiaary
treod an:lyses aE sslDe of the longer record staEioos.but the real valuesi11 Eot becoEe aPPatedt f or rnaay years. The coo,tiuuacj.on of the progran
should be based largely oa this preoise. Ia the ueaatjm,e sooe researchefforts couLd be devoted toward definiag techai-ques of trend analyses.

We hope these coc@,ents, p]-us those froo the districts rd11 be heloful.

FOR TEE REGIONAI TTSDROLOGIST

Veruoa B. Sauer

RECEIVED

ArN t 4lggl

Surface Water Branch

Regularly on
A AAnzv

the Payroll Savings Plan oFrro^.ALF.RM ,*ir. ro
(Rgl/. 7-7Cl
cs^ rPl}lR (4t CFR) lOt-l t.a
totct t2

Buy U.S. Savings Bonds



G. EROWN JR.. Governor
ATe OF CALI FORNTA- tSlauRCES ACENCY

STATE WATER RESOURCES CONTROL BOARD
P.O. 8OX 1OO, SACRAMENTO, CALI FORNIA 95801

Surve'i'll ance & I'1oni iori ng Secti on
(sio;322-0214

l'lay 14, 1981

),

Gi 1 Bortieson
U.S. Geological SurveY
855 Oak Grove Avenue
Men'lo Park, CA 94A?5

Dear Mr. Bortleson:

HYDRoLOGIC BENCHMARK PROGRAI',l (l'iBM)

Thank you for your let'uer of Apli'l 30, 'i9.81. prov'i{ing the opportunity to
comneni on the' U .S. Geo'log'ica] 

' Surveyis HBM questi onnai re '

The stat'ion at Happy Isies Bridge on the l'lerced River (1]264500) is a non-
.ii;.i;a siie in tire- Catifornia-Siatervicie Prinary lJater Qualitv l'1cn'itoring

Network. Data from this site, uia lZ oiher locit'ions siatew'ide, is useci by

the Board to report on ihe waier quaiity cond'itions in 28 priori.ty streams'
gne such report'is the b'ienni'Ji wiier Qiia'lity lnventory prepareq 1n fu1fi11-
ment of the U.S. Environmental protection Agincy requiremenls of Secrion

305(b) of the Clean l'later Aci,.

Traditional water quality *.uiurements of nutrient and standard minera'l con-

centrations as well as the b;;;eiiJiJgic"i and ioxic substances anaiyses from

the Happy Isles site are important to us-

The other HBM station in California (Elder Creek near Branscomb-l1475560) is
located in a veri smai1, remote drainage at.., uninf'luenced by human devejop-

;il:--ii"mav'be'iru'iy iohsidered a "binchmark" stat'ion but quit,e frankly we

nJve not had occasion to utilize 'information from this site'

If HBM program changes become nece,ssary_due to resource constraints I would

lrgg.tt'reiuctions in frequency of samilling and some deletion of the more

costly ana'lyses based upon no ietection at-levels reported from past analyses'

Some toxics/.ut ace rne'uals and-mineral analysei could be done every two to five

t;;r-inrt..a oi-.nnuul]y resuiiir; i;,-I-believe, subsiantiai cost savin-os'

Thank you for i,his opportun'ity to corrnent on the U.S. Geoiogical Survey HBM

Program.

Si ncere'ly 
"

.,. i ,/l' -. ,, ,/ -

,." /,{i:2{/;-. z<9/4'r t4'd-'
V-'- ,1" j

-iiohn M. YouKgerman, Chief
Survei I I ance & l'1oni tori ng Secti on

Di vi s i on of Techni cal Servi ces

Encl osure/Questi onnai re A-r



UNITED STATES
DEPARTMENT OF THE INTERIOR

GEOLOG ICAL SU RVEY

l,later Resources Di vi s i on
345 Mi ddl ef i e'l d Road
Menjo Park, CA 94025

May 6, 1981

Memorandum

T0: Ken Lee - Menlo Park Subdistrict

FR0M: K. Michael Nolan

suBJEcr: continuation of the Elder creek Hydro'logic Benchmark
Stati on.

Records of water and suspended-sediment d'ischarge co'l'lected at the
E'ider creek station have been extremely va]uab'li 'in hel oi ng to
characterize erosional processes operating in natural environirents
of North Coastal Ca1ifornia. The scarcity of data from unimpacted
terrane coupled with rapid decreases in the amount of unimpacted
terrane in North Coastal Cal'ifornia make data collected at E'lder
Creek invaluable. Data col'lected from disturbeC watersheds must be
compared to those from und'isturbed watersheds (such as E"lder Creek)
to assess man's impacts on the rates and styles of naturajly occur-
ring processes. Researchers who con'uinue to try to understand
erosionai and sedimentolog'ica1 'processes operating in North Coastal
Ca'lifornia must continue to have data such as thoie collected at
Elder creek available to them. I see very few oportunities to
collect such data elsewhere and hope the iecord at the Elder Creek
stat'ion wi] I coniinue to be col I ected. It wou'id be tragi c i f the
availablE data base'at E'lder Creek was not permitted to-lenqthen
and the response of the watershed to future hydroiogic events was
not nonitored.

Sincerely,

?/JP

K. M'ichael No'lan


